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EXECUTIVE SUMMARY

The design, performance monitoring and remedial action work plan activities are detailed in this
report for the construction of an iron Permeable Reactive Barrier (PRB) and an impermeable
surface Cap System at the Former Arrowhead Plating Facility Superfund Site. The objective of
the PRB and Cap System is to degrade VOC contaminants in the Site groundwater to non-toxic
end products.

The PRB is proposed to be constructed by the azimuth controiled vertical hydrofracturing
technology, be approximately 1200" in length, orientated approximately perpendicular to the
groundwater flow regime, 3" to 4-1/2" in average iron-effective-thickness and extend from a
depth of 15' down to a total depth of 42 to the underlying aquitard. The PRB is considered to
have sufficient longevity and effectiveness at the Site for at least a minimum of ten (10) to fifteen
(15) years. The Cap System is proposed to cover four and one half (4-1/2) acres and limit
infiltration of rainfall into the subsurface and enhance the PRB performance by reducing the flux
of groundwater VOC contaminants entering the PRB system. The iron PRB and Cap System is
considered to be the most cost-effective remedy for the groundwater (OU-2).

The PRB and Cap System design methodology involved detailing functional design requirements
and design criteria for the reactive barrier and impermeable surface cap. The Cap System design
utilized a Site-wide groundwater model of the upper aquifer to predict Cap performance and in
particular the reduction in groundwater hydraulic gradients across the proposed PRB alignment.
The PRB design utilized a multi-specie VOC probabilistic model to quantify the overall reactive
barrier system performance and the impact of system parameters on the barrier performance
based on their expected variability. The system parameters consist of Site hydraulic
conductivity, hydraulic gradients, barrier thickness and porosity, VOC compound degradation
half lives, VOC daughter product generation and influent VOC concentrations. The probabilistic
analyses quantified the sensitivity of the overall system performance to each system input
parameter.

This design report details the Construction Drawings and Technical Specifications for the
construction of the iron PRB and impermeable Cap System. The report also details the
installation, instrumentation and monitoring requirements to ensure the reactive barrier and Cap
System are constructed as planned and function as expected. Quality assurance functions and
procedures are presented in the report for the installation and performance monitoring of the
PRB and Cap System.

The design and remedial action work plan activities involved the development of various plans
and procedures as outlined in the following plans included in this report.

Construction Quality Assurance Plan;
Performande Standard Verification Plan:
Groundwater Monitoring Plan;
Contingency Plan;

Health and Safety Plan;

Operation and Maintenance Plan;
Quality Assurance Project Plan; and
Waste Management Plan.

goooJdooo
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1.0 INTRODUCTION

Golder Sierra LLC (Golder) was retained by Saltire Industrial, Inc. (Saltire) to design an in-situ
iron permeable reactive barrier system (PRB) and surface impermeable Cap System to be
constructed al the former Arrowhead Plating facility (the Site), located in Montross, Virginia, as
shown on Figure 1. The design of the PRB is being performed in accordance with the April 11,
2000 PRB Remedial Design Work Plan (RDWP). The proposed full scale PRB is 1.165ft in
length, installed from a depth of 15 ft below ground surface (bgs) to a total depth of 40-ft bgs and
the proposed Cap System covers an area of approximately four and one half (4-1/2) acres. The
proposed location of the PRB is along a portion of the property boundary of the Site and the Cap

System covers the northeastern portion of the Site, as shown on Figure 2.

The objective of the final design is to develop a permeable reactive barrier and Cap System that
will significantly reduce the levels of volatile organic compounds (VOCs) and metals
encountered in the groundwater. In general, the design of the PRB and Cap System involved the

following:

8 Review of geotechnical, hydrogeological and groundwater chemistry data for the Site
collected during previous investigation and the additional data collected during the PRB
Pre-Design Field Investigation Program;

U Iron reactivity column testing for quantifying VOC degradation rates in the Site
groundwater and also to address any precipitation or clogging issues of the iron filings
proposed for the PRB;
Geotechnical and specialized PRB testing of the Site soils and the proposed iron filings;
Detailed site survey for topography and surface water drainage patterns,
Identifying existing site features and structures;
Review of climate data (precipitation, temperature, etc},

I +

Design of the Cap System utilizing the infiltration (HELP) model and a site wide
regional groundwater model;

0 o 0 0 O

O Design of the PRB utilizing a probabilistic model for predicting effluent concentrations
of VOCs in the groundwater emanating from the PRB.

O Evaluation of PRB construction methods suitable for the Site;

AR301 124
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Q) Preparation of construction drawings and specifications for installation and construction
of the PRB and Cap System; and

O Preparation of construction schedule and cost estimates for construction of the PRB and
Cap System.

The following subcontractors were retained by Golder to provide services during PRB pre-design
field investigation program, installation of the new monitoring well, shallow and deep soil
borings, direct push groundwater sampling, site wide surface and groundwater sampling and

investigation derived waste management activities:
O Drilling and groundwater monitoring well installation services were provided by
Chesapeake Geosystems, Inc. of Baltimore, Maryland;
Surveying services were provided by Baldwin and Gregg, Ltd. of Norfolk, Virginia;

O Groundwater and investigation derived waste (IDW) characterization analytical
laboratory services were provided by Accutest Laborataries of Dayton. New Jersey,

O Groundwater analytical data validation services were provided by TechLaw, Inc. of
Lakewood, Colorado;

Q Investigation derived waste temporary storage services (roll-off containers)
transportation and disposal were provided by Clean Harbors Environmental Services,

Inc. of Colonial Heights, Virginia under agreement with Saltire Industrial, Inc ; and

 Iron column bench scale testing services were provided by EnviroMetal Technologies
Inc. (ETT) of Waterloo, Ontario, Canada.

This report is divided into the following sections:

Q0 Section | provides an introductton to the report, objectives and background information;

O Section 2 provides a brief description of the Site;

U Section 3 provides a summary of the selected remedy including a background of the iron
PRB systems tgchnology, reactivity of zero valent iron, iron emplacement methods, and

the design requirements and criteria for the system;

O Section 4 discusses the PRB pre-design field investigation including groundwater and
surface water sampling, deep boring investigation, and direct push sampling;

O Section 5 presents the results of the iron column bench scale treatability study conducted
to quantify VOC degradation in the Site groundwater in the presence of iron,
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Q) Section 6 presents the geotechnical and specialized PRB laboratory tests conducted on
the Site soils and various grades of iron filings and gels. This section provides the
methodology used for the laboratory testing and interpretation of the test results;

O Section 7 presents the Cap System design. This section describes the design
components, the design approach, and the expected Cap System performance and impact
on the PRB Design;

(J Section 8 presents the iron PRB design. This section describes the design components,
the design approach, and the expected PRB performance;

Q) Section 9 describes the proposed PRB installation method;

Q) Section 10 details the construction of the Cap System including site preparation,
construction drawings, technical specifications, construction guality assurance,
construction sequence schedule, construction quantities and cost and surface water
management, Cap System maintenance and cost;

Q Section 11 details the construction of the PRB including site preparation, construction
drawings and technical specifications, performance monitoring system instaliation,
construction quality assurance and monitoring, construction sequence schedule,
construction quantities and cost; and

O Section 12 presents the summary and conclusions of the final PRB and Cap System
design.

These sections are supported by tables and figures, which summarize laboratory data from
analytical and geotechnical tests, illustrate geologic and hydrogeologic interpretations from
earlier field investigations, and depict the PRB and Cap System design. Supporting geotechnical.
contaminant degradation and analytical information is included in the appendices and the

following plans and construction details are included in the following appendices.

Description Appendix
CQAP(Construction Quality Assurance Plan) G-1
Cap System, Including Technical Specifications
Cap System Construction Drawings G-2
CQAP ~- PRB System, Including Technical Specifications H«i"
PRB Construction Drawings H-2
PSVP (Performance Standard Verification Plan) I
GWMP (Groundwater Monitoring Plan) J
CP (Contingency Plan) K
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Description
HSP (Health and Safety Plan)

O & M (Operation & Maintenance Plan)
QAPP (Quality Assurance Project Plan)

WMP (Waste Management Plan)

996-1100
Appendix
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M
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2.0 BRIEF DESCRIPTION OF SITE

2.1 Site Background

The Site is located on a 30-acre parcel in a rural area, two miles southeast of Montross,
Westmoreland County. Virginia, as shown on Figure | and the Site pian is presented on Figure 2.
Industrial activities at the Site have been carried out since 1966. These activities inciuded
electroplating cosmetic cases, filling cases with cosmetics, and fabrication of automobile wire
harnesses. Electroplating wastes were treated at the Site in a settling pond system and
discharged to Scates Branch in accordance with a National Pollutant Discharge Elimination
System (NPDES) permit. In general, the topography at the Site is relatively flat. The Site is

located on a topographic high with a maximum elevation of 150 feet mean sea level (msl).

Studies conducted at the Site indicated groundwater contaminated with volatile organic
constituents (VOCs) and limited soil contamination with VOCs, metals, and cyanide. Remedial
actions were initiated in 1986 and included several phases of drum, soil, and sludge removal and

backfilling, grading, and revegetation of the former ponds.

In 1989, the United States Environmental Protection Agency (USEPA) entered into an
Administrative Order on Consent that required Saltire (formerly Scovill, Inc.) to conduct
Remedial Investigation (RI) and Feasibility Studies (FS) at the Site. Following the completion of
the RI/FS by ICF Kaiser, a Record of Decision (ROD) was issued by the USEPA on September
30, 1991. The ROD required the umplementation of an in-situ vacuum extraction of VOC
contaminated soils, and implementation of a groundwater pump-and-treat system. Based on
additional work conducted at the Site, Saltire demonstrated that the pump-and-treat system could
be replaced by a PRB with an equal or better effectiveness in treating contaminated groundwater.
In September 1998, the USEPA issued an Explanation of Significant Differences (ESD)
approving the PRB as the select remedy for the Operable Unit 2 (OU2) — Groundwater. Based
on the ESD, a RDWP for the PRB was submitted to the USEPA by ICF Kaiser on December 18,
1998. The December 18, 1998 RDWP for the PRB was revised by Golder and submitted final to
USEPA and VDEQ on April 11, 2000.
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2.2  Surface Site Characterization

The Site is located within the northern neck of the Coastal Plain Physiographic Province of
Virginia. The surface topography of the Coastal Plain is characterized by gently rolling to
relatively flat relief. Natural surface drainage is conducted through radial and trellis drainage

networks, which in turn discharge to the southeast flowing tidal rivers of the Chesapeake Bay.

In general, the topography over much of the Site is relatively flat but steepens considerably near
surface water drainage features. The Site is lfocated on a topographic high with a maximum
elevation of 150 feet mean sea level (msl). The surface water drainage pattern is radial from the
Site area, however, the main drainage occurs to the northeast to Scates Branch, which, in turn,
discharges into Weavers Millpond. Groundwater flow directions generally parallel that of
surface water, with recharge generated in the higher elevations, and discharge along streams at

lower elevations. In turn, drainage divides often coincide with groundwater divides.

2.3 Subsurface Site Characterization

Groundwater flow directions generally parallel that of surface water, with recharge generated in
the higher elevations, and discharge along streams at lower elevations. In tum, drainage divides
often coincide with groundwater divides. Public and private wells within the area tap

groundwater for potable and industrial use.

Regionally, the subsurface geology is comprised of gently eastward-dipping interbedded sands,
silts and clays. These sediments form a seaward dipping wedge that was deposited on more
competent basement rocks. The sands, silts and clays were deposited in a gradually retreating
shallow marine to open marine environment. These sediments have been classified into three
main stratigraphic regional*groups (in increasing depth and age): Chesapeake, Pamunkey and
Potomac. Within each group, interbedded sand, silt and clay formations have been recognized
and have been regionally correlated. These sediments comprise regional aquifers and confining

units, and have been further subdivided into hydrostratigraphic units.

The sediments of the Chesapeake Group directly underlie the Site, and the uppermost unconfined

aquifer is contained within these sediments. The interbedded upper sands. silts and clays that
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comprise the Yorktown/Eastover unconfined aquifer unit reach a maximum thickness of 40 feet
beneath the Site. Underlying the upper aquifer, clays and silts that comprise the St. Mary's
confining unit have an approximate thickness of at least 70 feet. This confining unit is regional
in extent and separates the upper aquifer from the underlying confined aquifers contained within
the lower (and much deeper) Pamunkey and Potomac Groups. Regional hydrogeologic studies
have shown that a downward vertical gradient exists between the upper aquifer and the next
lower confined aquifer (Chickahominy-Piney Point aquifer of the Pamunkey Group). The silt and
clay of the St. Mary’s create a relatively impermeable hydrogeélogic barrier, preventing the

downward vertical flow of groundwater.

The Site lies just to the northeast of a local topographic high, running northwest-southeast, which
acts as a surface water divide, as well as an upper aquifer groundwater divide. Locally, both
groundwater and surface water flow to the northeast and southwest of this divide. Horizontal
groundwater flow within the upper aquifer immediately beneath the Site is generally to the
northeast, where it discharges to tributaries of the northeast-flowing Scates Branch. This stream
discharges into Weavers Millpond, which discharges to the east-flowing Pierce Creek, which

discharges into Nomini Bay, a tidal estuary of the southeast-flowing Potomac River.

Geologic cross sections have been constructed to illustrate the general geology of the Site.
Figure 2 presents the lines of geologic sections and Figures 3, 4 and 5 provide geological cross
sections of the Site. Local drainage channels define the lateral extent of the water tabie aquifer.
A rough approximation of the extent of this unit can be drawn on a topographic map where the
100-ft msl contour represents the approximation of the extent of the shallow aquifer. Figure 6
illustrates this relationship between elevation and water table aquifer extent. This figure also
depicts the highest areas (above 150 ft msl) of the Site and also illustrates the irmplied radial

groundwater flow from these higher areas toward surface water drainage channels.

The saturated interbedded sands and silts of the upper aquifer have measured hydraulic
conductivities, ranging from approximately £.0 x 10" centimeters per second (cm/sec) to 1.0 x
10” emvsec. This variability in hydraulic conductivity is due to the heterogeneous nature of the
thin interbedded fine sands, silts and clays comprising the upper aquifer. The measured vertical
hydraulic conductivity of the confining unit beneath the upper aquifer was less than [.0 x 10’
cmvsec, as measured in laboratory permeameter tests conducted on Shelby tube samples. The

vertical hydraulic conductivity of the confining unit as measured from these two {2) laboratory
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tests was 1.7 x 10°® cm/sec and 0.9 x 10° cm/sec, ICF Kaiser (1997). Horizontal hydraulic
gradients within the upper aquifer are variable ranging from approximately 0.05 feet/foot to

0.003 feet/foot and are primarily controlled by surface topography.

The prime compounds of concern at the Site include VOCs, metals and cyanide.' The primary
VOCs inctude: benzene, tetrachloroethene (PCE), trichloroethene (TCE), toluene and total
xylenes.  Other VOCs of concern include: 1,i,1-trichloroethane (1,1,1-TCA), 1.1-
dichloroethene, 1,2-dichloroethene (total), 1,l1-dichloroethane, acetone, 2-butanone, methylene
chloride, carbon disulfide, chloroform (TCM), chloroethane, 1,2-dichloroethane, 1,1,2-
trichloroethane, ethylbenzene, vinyl chloride (VC) and 4-methyl-2-pentanone. Groundwater
concentration maps indicate that the main VOC migration pathway is to the northeast from the
on-site potential source area towards the headwaters of Scates Branch and the Middle Fork of

Scates Branch.

' Cyanide and metals are also present at similar concentrations in background samples.

AR301 131



April 2001 9. 996-1100

3.0 SUMMARY OF SELECTED REMEDY

Saltire and the USEPA have agreed to implement an afternative remedy for groundwater at the
Arrowhead Plating Site. The major components of the newly selected groundwater remedy are

described in the ESD and consist of:

Q A PRB to transform dissolved VOCs into non-toxic products before groundwater
discharges into the tributaries of Scates Branch;,

O A surface impermeable Cap System to limit the surface water infiltration into the sub-
surface immediately up gradient of the PRB;

Q Implementation of an environmental monitoring plan to evaluate the effectiveness of the
RA and to ensure the protection of environmental receptors in Scates Branch; and

U Implementation of appropriate institutional control measures, if needed, prohibiting the use
of contaminated surficial groundwater to ensure protection of human health and the
environment.

This section summarizes the selected remedy, process description of the zero valent iron

technology and the design requirements and criteria for the system.

3.1 Iron Reactive Permeable Barriers

3.1.1 Background

In situ passive iron reactive permeabie barriers have been placed at a number of sites, dating back
to the first constructed at CFB Borden in 1991 by the University of Waterloo. The early iron
reactive barriers had been designed on the funnel and gate concept, Starr and Cherry (1994).
Recently continuous permeable barriers have been installed by backhoe, continuous trenchers
and azimuth controlled vertical hydrofracturing. The continuous permeable barriers do not
modify the natural groundwater flow; whereas funnel and gate systems do impact the natural

groundwater flow.

Iron reactive permeable barriers have significant advantages over conventional technologies for
remediation of chlorinated solvent contaminated groundwater, with the prime advantage being
that the system is passive. It is a simple process that has been proven both in the laboratory and
the field. Site characterization and laboratory bench scale studies are sufficient to design and

construct an iron reactive barrier. The number of iron reactive permeable barriers installed to
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date is detailed in Table !. The first reactive barrier was constructed in 1991 as a field trial,
followed by two in early 95, and during the past five years a significant number of full scale and
pilot systems have been installed. The rapid increase in the number of reactive barriers installed

reflects the increasing maturity and acceptance of the zero valent iron technology.

3.1.2 Zero Valent Iron

Zero valent metals have been known to abiotic degrade certain compounds; such as, pesticides as
described by Sweeny and Fisher (1972), and halogenated compounds such as TCE,
tetrachloroethene (PCE), vinyl chtoride (VC) and isomers of dichloroethene (DCE} as detailed in
Gillham and O'Hannesin (1994). In the case of zero valent iron, a first order reduction process
can approximate the abiotic degradation of halogenated aliphatics. The compounds are
progressively degraded and eventually broken down into ethanes and ethenes, as described by
Orth and Giltham (1996) and shown as reductive dehalogenation pathways on Figures 7 and 8.
In the presence of iron, the chlorinated compound, TCE, is predominantly degraded through the
chloroacetylene pathway with only a minor generation of daughter product ¢-DCE. Therefore
the reductive process in the presence of iron generates significantly less daughter products than
those generated due to natural degradation. In column experiments, the mol fraction of TCE
degraded into chlorinated daughter products such as ¢-DCE and VC is typically less than 5 -
10%, Gillham and O'Hannesin (1994). Five (5) year performance data of the Borden iron
reactive barrier has indicated no decline in degradation performance over time, minimal
precipitation, and expectations that the reactive barrier will continue p;:rfomaing satisfactory for

at least another five years, Gitllham and O'Hannesin (1998).

3.1.3 Emplacement Methods

The placement of iron filings in the subsurface for passive in situ treatment of contaminated
groundwater was first dfscussed by Gillham (1993). The mode of placing the iron filings has
been by conventional technologies such as shoring and excavation, trenching and during the past
five (5) years by azimuth controlled vertical hydrofracturing. Seven altermate emplacement
techniques were considered for the construction of the PRB at the Site including a) slurry wall,
b) trenching, ¢) braced excavation, d) jet grouting, e) hydrofracturing technology. f)

driven/vibrated beam and g) soil mixing.
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The selection of the most appropriate emplacement technology at the Site is to be based on the
following: 1) minimal impact to the natural groundwater flow regimes, 2) proven technology
(maturity of the technology and previous instatlation of iron reactive systems), 3) minimal impact
on the lower confining layers, 4) minimai excavation and disturbance (aerial extent of the impact,

noise, volumes of excavated matenials, etc.), and finaily 5) cost.

3.2 Applicable or Relevant and Appropriate Requirements (ARARs)

This section lists the ARARs that are required during implementation of the Remedial Action.

The system must be designed to ensure compliance with these and all other applicable ARARs.

3.2.1 Compliance with ARARs

The PRB and Cap Systemn must comply with all pertinent chemical and action-specific ARARs.
The chemical and action-specific ARARs applicable to the PRB and Cap System include the

following rules and regulations:

O OSHA - All field activities will be performed in accordance with health and safety
regulations governing construction and other activities and activities at hazardous waste
sites;

8 RCRA - The remedial activities will be performed in compliance with all applicable
provisions of RCRA, which include RCRA Generator Standards and Transportation
Standards for transportation and off-site disposal of hazardous wastes; RCRA Treatment
Standards for on-site disposal of hazardous wastes, including treatment to meet land
disposal restrictions; and RCRA landfill Standards for design and construction of
landfills;

O Clean Air Act - The remedial activities will be performed in compliance with all
applicable provisions of the Clean Air Act, and its amendments;

Q Virginia Environmental Quality Act - The Virginia Environmental Quality Act
empowers the VADEQ to establish regulations and programs similar to the federal
Resource Cqnsefvation and Recovery Act and Clean Air Act. The remedial activities
will be pelf'fonned in compliance with all applicable provisions of the Virginia
Environmental Quality Act; and

Q City of Montross Ordinances - The fencing and any temporary buildings will comply
with applicable building and fire codes.
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The PRB and Cap System will comply with the following specific ARARs:

O Comprehensive Environmental Response, Compensation and Liability Act (CERCLA),

Hazardous Waste Regulations, 9 VAC 20-60-12 to 1505;

O

Regulations Governing the Transportation of Hazardous Materials, 9 VAC 20-110-10 to
130;

Virginta Waste Management Regulations, Va. Code Ann. §§ 10.1-1400 to 1457 (1998);
Solid Waste Management Regulations, 9 VAC 20-80-10 to 790,

Ambient Air Quality Standards, 9 VAC 5-30-10 to 80,

O 0 O .

Standards of Performance for Visible Emissions and Fugitive Dust/Emissions [Rule 5-1}]
9 VAC 5-50-60 to 120;

U

Standards of Performance for Toxic Pollutants [Rule 5-3], 9 VAC 5-30-160 to 230;

Q Environmental Protection Agency National Emission Standards for Hazardous Air
Pollutants (Rule 6-1), 9 VAC 5-60-60 to 80;

O Erosion and Sediment Control LaQ. Va. Code Ann. §§ 10.1-560to 571 (1998); and

Q Erosion and Sediment Control Regulations, 4 VAC 50-30-10 to 110.

The PRB and Cap System will also comply with the following location specific ARARs:
O Chesapeake Bay Preservation Act, Va. Code Ann. §§ 10.1-2100 to0 2116

(J Chesapeake Bay Preservation Area Designation and Management Regulations, 9 VAC
10-20-10 to 280;

O Virginia Natural Areas Preserves Act, Va. Code Ann. §§ 10.1-209 to 217 (1998);
Endangered Species, Va. Code Ann. §§ 29.1-563 to 370 (1998);

O Department of Game and Inland Fisheries. Definitions and Miscellaneous in General, 4
VAC 15-20-130 fo 140;

U Endangered Plant and Insect Species Act, Va. Code Ann. §§ 3.1-1020 to 1030 (1998);

Q Rules and Regulations for the Enforcement of the Endangered Plant and Insect Species
Act, 2 VAC 5-320-10;

O Virginia Wetlands Act, Code of Virginia-62.1-13.1 et seq.;

0 Virginia Wetlands Regulations VR 450-01-0051;
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O Clean Water Act-404,

O State Water Control Law, Code of Virginia-621-44.2 et seq.; 33 CFR 323.2(c) and
323.2(e):

Q Water Quality Standard, 9 VAC 25-260-5 to 550,

Virginia Water Protection Permit Regulation, 9 VAC 25-210-10 to 260;

o

General Provisions Relating to Marine Resources Commission, Va. Code Ann. §§ 28.2-
1300 to 1320 (1998);

Wetlands Mitigation compensation Policy, VAC 20-390-10 to 50;
Execution Order 11988. Protection of Floadplains 40 C.F.R. 6, Appendix A;

Executive Order 11990, Protection of Wetlands, C.F.R. 5, Appendix A; and

C 0 o g

Procedures for Implementing the Requirements of the Council on Environmental Quality
on the National Environmental Policy Act, 40 C.F.R. 6, Appendix A.

3.2.2 Real Estate, Easement and Permit Requirements

Two other important aspects of the remedial design process will involve obtaining the
appropriate permits for the systern (if needed) and access agreements with current property
owners. As provided in Section V, Subpart D of the Consent Decree issued for the Arrowhead
property and in Section [21(e) of CERCLA, 42 U.S.C.S 9621(e), and 40 C.F.R.S 300.430(e), no
permits will be required for any portion of work described in the RDWP for the PRB and Cap
System that will be constructed on-site. However, as stated in the Consent Decree, the work
conducted on-site "...shall meet the substantive requirements of any applicable or relevant and
appropriate requirement subject to the EPA's right of review and approval." Federal, state, or
iocal permits or approvals must be obtained for off-site work when required. "A portion of the
PRB will be installed on neighboring properties and will require access and permit approvals as
detailed in Appendix D of the RDWP (Golder 2000a). Access agreements, permitting, and
compliance requirements pertinent to the implementation of the remedial activities are identified
in this Appendix of the Remedial Design Work Plan (RDWP). These agreements and
authorizations are needed to install and operate a remediation system on the Arrowhead and
neighboring property. The Cap System will involve restrictions on land use not covered in the
earlier reference appendix. Restrictive land use agreement with the current property owner and

tenants will be required.

AR301136



April 2001 - 14 - 996-1100

3.2.3 Design Requirements and Criteria

The PRB must be designed to significantly reduce the levels of VOCs in the groundwater. The
overall design methodology for the PRB is illustrated as a flow diagram on Figure 9. The design
methodology considers all Site-specific data, defines functional design requirements and design
criteria for the system and determines the most appropriate systemn design by use of a
probabilistic forecast model of barrier performance. The PRB must be designed to meet the

following functional design requirements and criteria:

9 The PRB design must consider geotechnical, hydrogeologic, and groundwater chemistry
data collected during previous investigations of the Site;

O The PRB design must consider the use of commercially available zero valent iron filings
and the selected emplacement technique;

U The PRB design must accommodate the variability of the Site data, iron reactivity
column test data, and installed PRB thickness;

(J The PRB must be designed for target VOC parent and daughter product VOC
compounds to have effluent concentrations below their MCLs;

O The PRB must be designed to ensure any downgradient remnant plume VOC compounds
are lowered over time to below their MCLs;

L The PRB must be designed so that construction quality assurance and quality control
procedures can be implemented during construction; and

U The PRB must be designed with a proper monitoring system to evaluate its performance
based on the ability of the system to reduce VOC groundwater concentrations.

The Cap System is an integral part of the overall PRB design and a Cap System properly
designed will significantly enhance the performance of the PRB. The Cap System must be
designed to minimize infiltration of precipitation into the subsurface and to the groundwater.
Minimizing the precipitation infiltration rates within the Site will modify the groundwater flow
regime/flow gradients within the Site and thus reduce the groundwater flux passing through the
PRB. The lower groundwater flow gradients through the PRB will enable a greater reduction of
VOC’s in the PRB for a lesser amount of zero valent iron filings (effective thickness) required
for PRB construction. The Cap System must be designed to meet the following design

requirements and criteria:
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Q

a

The design must consider geotechnical and hydrogeologic data collected during previous
investigations of the Site;

The design must consider weather data (precipitation, temperature. etc) applicable to the
Site for Cap System design;

The design must consider existing Site ground surface topography and structures and
surface water drainage patterns;

The design must consider the impact of Cap System on future land use;

J The design mwst consider Cap System maintenance (vegetation and drainage} and

contingencies plan;

The design must consider construction schedule including coordination with the property
owners for the abandonment of the existing sewer lagoons and associated monitoring
wells;

The design must consider at least three (3) Cap System configurations suitable for the
Site;

The selected Cap System should be designed to have a significant reduction (1/5 to 1/10
of the average annual infiltration rates);

The Cap System must be designed so that construction quality assurance and quality
control procedures can be implemented during construction;

The Cap System must be designed with proper surface water management, maintenance
{(vegetation & drainage) and contingency plans; and

The vegetative cover of the Cap System must stabilize the cover soils, provide a low
maintenance, long-term plant community, provide a structurally diverse grassland habitat
for birds and other wildlife and use native plant species whose seeds are available
commercially.
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4.0 PRE-DESIGN FIELD INVESTIGATION

A pre-design field investigation was conducted during April 28 and May 23, 2000 ir accordance
with the Aprl 11, 2000 PRB Remedial Design Work Plan (Golder 2000a). The following

activities were performed:

O Collected groundwater from monitoring well MW33 for iron column bench-scale and soil
resistivity testing;

O Installed monitoring well MW37 located near CPT D22 to provide monitoring of
groundwater across Route 3 located on the groundwater divide;

Q Collected groundwater samples from 25 existing wells and the new well MW37 for VOCs,
metals, and general chemistry analysis;

O Collected soil samples and characterized the soil from four (4) geotechnical borings near
CPT locations C10. D10, E10 and F12 for correlation with CPT data, and evaluation of site
soils geotechnical properties for design of the PRB;

Q Collected groundwater samples from four (4) depths at each of four (4) direct push
locations, located near CPT points C10, D10, E10 and Fi2, for characterization of the
groundwater contamination;

Q Collected soil samples from two deep environmental soil borings, one near SBD! and the
other near CPT C6 1o evaluate potential groundwater contammination;

Q Coliected an additional round of surface water samples at 11 pre-determined focations and
one additional location identified at the time of sampling for inorganic analysis;

Q Connected the Site with the Virginia State Plane Coordinate System for Survey Control,
and

Q Conducted a detailed topographical survey on the northeastern portion of the Site and
surface water drainage patterns. Site data on storm water drainage were also collected from
the current ieasee of the property.

The pre-design boring investigation, direct push and monitoring wells installation locations are
shown on Figure 10. Surface water sampling locations are shown on Figure 11. Groundwater
monitoring wells sampling locations are shown on Figure 12. Golder personnel provided
sampling services and oversight during the investigation. Drilling services were provided by
Chesapeake fGeosystems, Inc. of Baltimore, Maryland. Baldwin and Gregg, Lid. of Norfolk,
Virginia, provided surveying services. Accutest Laboratories of Dayton, New Jersey provided
analytical testing services, TechLaw, Inc. of Lakewood, Colorado provided third-party
validation of the analytical results. Data validation reports are contained in the May 2000
Sampling Event Data Validation Report (Golder 2000b). Geotechnical and PRB specialized

laboratory testing was performed in Golder's laboratory in Atlanta, Georgia. Geotechnical and
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specialized PRB laboratory results are detailed in Appendix A. Boring and well installation logs

are contained in Appendix B.

4.1 Monitoring Well Installation

Monitoring well MW37, shown on Figures 10 and 12, was installed near CPT D22 to provide
additional piezometric data and allow long-term monitoring of groundwater VOCs across Route
3 located on the groundwater divide. The boring and installation logs are contained in Appendix
B. Monitoring well MW37 was developed until pH, conductivity, and temperature reading
stabilized to within + 0.1 standard units, + 10% and + 0.5°C, respectively, and the turbidity was

fess than 10 NTU.,

Monitoring well MW37 was surveyed to establish coordinates and elevations using the Virginia
State Coordinate System. The survey data are shown on the boring and wel] installation logs are

contained in Appendix B.

4.2 Deep Borings

Two deep borings SBD2 and SBD3 were drilled near SBDI1 and CPT C6, respectively to confirm
the absence of groundwater contamination within the lower aquitard. In order to minimize the
potential of cross contamination between the upper aquifer and the lower aquitard, the upper 55
ft of the deep borings were cased with 8-inch steel welded casing grouted in place with 95%
Portland cement/5% bentonite grout. The upper 55 ft of the deep borings were advanced using
12" roller bit mud rotary drilling techniques. The lower part of the deep borings were drilled

using 3 %" hollow-stem augers through the steel casing from 55 ftto 111 ft bgs.

Continuous split-spoon sampling was conducted from 55 ft to 111 ft bgs for both borings. Soil
samples were monitored using an organic vapor survey instrument with a photo ionization
detector (PID). The PID readings were recorded on the boring logs found in Appendix B. The

soils were classified according to the United Soils Classification System {(USCS).

No water bearing zones (i.e. soils with a permeability greater than 1 x 107 cm/sec) were
encountered at either boring location. Samples were collected at 8-foot intervals between 55 ft

and 111 ft bgs. After each split-spoon was opened, eight (8) to twelve (12) grams of soil was
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collected using a disposable syringe provided by the laboratory and immediately transferred into

a methanol preserved 60-ml vial. The samples were cooled t0 4 °C.

Three (3) samples from each boring were selected for analytical laboratory analysis based on
sample location and PID readings. The samples were tested for VOCs, metals, and cyanide. The
summary of analytical results is shown on Tables 2 and 3. The analytical test results confirmed
the absence of groundwater contamination within the aquitard. The only compound detected
(methylene chloride) in one of the samples from SBD-3 may have been associated with
laboratory contamination (see data validation report in the May 2000 Sampling Event Data
Validation Report, Golder 2000b). Two samples from each boring were selected for grain size
analysis and the results are presented in Appendix A. The samples had at least 25% passing the
#200 sieve. Laboratory flexible wall permeameter tests were performed on two remolded
samples collected from the aquitard and hydraulic conductivities quantified from these tests were
1.7 x 10”7 cmv/sec and 7.5 x 10® cvsec for samples SBD2 (59.0-61.0'bgs) and SBD3 (105.7-
107.0’bgs) as detailed in Appendix A.

4.3  Shallow Borings

Four (4) shallow borings, SBS13, SBS10, SBS11 and SBS12, were drilled near CPT locations
Cl10, D10, E10, and F12, respectively to confirm lithologic interpretation of the CPT data from
previous investigations performed by ICF Kaiser (1997). The boring logs are presented in
Appendix B as well as comparison of CPT and visual soil classification soil descriptions.
Geotechnical laboratory testing was conducted to confirm field visual soil classification, and the

results from these tests are contained in Appendix A.

4.4 Groundwater Sampling

Groundwater samples were collected from twemy six (26) monitoring wells and four (4) direct

push locations to quantify the contaminant plume at the Site in accordance with the PRB RDWP.

4.4.1 Monitoring Well Sampling

Twenty-six (26) monitoring wells including the new monitoring well MW37 were sampled for

VOCs, metals, and general chemistry analysis. Water level measurements obtained during the
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sampling event are summarized in Table B-l in Appendix B. and the data are shown as
potentiometric groundwater contours on Figure 13. Field parameters (pH, conductivity,
turbidity, temperature, and Eh} are summarized in Table 4. The well sampling data (i.e. flow
rates, etc.) are included in Table B-2 in Appendix B. Analytical laboratory test results for VOCs,
metals and general chemistry are summarized in Tables 5, 6 and 7 respectively. Data validation

reports are included in the May 2000 Sampling Event Data Validation Report (Golder 2000b).

4.4.2 Direct Push Sampling

Sixteen (16) groundwater direct push samples wete collected, with four (4) groundwater samples
collected from each of the four (4) direct push locations (C10A-D, D10A-D, E10-D and F 1'2A-D)
for VOC analysis. The existing data and conditions observed from the shallow borings {SBS13,
SBS10, SBSI1! and SBS12} were used to determine the depth for collection of each of the
groundwater direct push samples. At least one sample from each location was collected
immediately above the underlying aquitard. The summary of the analytical results can be found
in Table 8. Concentration contour maps for TCE, PCE and 1,1-DCE have been prepared for the
Site and are shown on Figures 14, 15 and 16, respectively. A geologic cross section showing
concentrations with depth of TCE and PCE measured in the direct push samples at various

depths is shown on Figure 17.

4.5 Surface Water Sampling

Surface water sampling was conducted concurrently with the groundwater sampling. Twelve
(12} surface water points along Scates Branch and Reeds Swamp were sampled, at the locations
shown on Figure 11. The surface water locations included surface water location SB3, a spring
discovered along Scates Branch emanating from an off-site source. Field parameters (pH,
conductivity, temperature, turbidity, and dissolved oxygen) of the surface water samples were
measured prior to sampling, and the results are presented in Table 9. Samples were collected for
metals and cyanide analysis. The summary of analytical results can be found in Table 10.
Groundwater samples collected from monitoring wells MW1, MW3, MW22 MW34 and MW37
were analyzed for a full list of metals in accordance with the PRB RDWP for the surface water
metals background evaluation. The analytical resuits of metals for these wells are also
summarized in Table 10. A data validation report for the surface water samples is included in the

May 2000 Sampling Event Data Validation Report (Golder 2000b).
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4.6 Investigation Derived Waste Management

Drilling mud/soil waste and wastewater were generated during the PRB RDWP Pre-Design field
activities at the Site. Golder field personnel supervised waste management activities. The
drilling mud/soil waste and wastewater were temporarily stored at the Site in a lined roll-off
container for waste characterization and proper disposal. The roll-off container was located just
north of the former Drum Storage Area. The waste generated at each boring/well location was
first contained in 55-gal drums located at each boring/well location and later transferred into the
roll-off containers at the completion of each well installation activity. The 55-gal drums were

properly sealed during transportation to the roll-off containers.

Drilling and sampling equipment decontamination activities were conducted on an existing
decontamination pad (concrete) located on the north side of the manufacturing building. All
waste generated from the steam cleaning was contained in the lined roll-off. Golder personnel
collected samples of the wastewater and drilling mud/soil for waste characterization laboratory
testing. Accutest Laboratories provided analytical laboratory services for waste characterization.
Based on the laboratory analytical results, the wastewater and the drilling mud/soil were
characterized as non-hazardous and the analytical laboratory results are summarized in Appendix

B-5.

Field activities for the removal of the wastewater and drilling mud/soil were conducted on July
14, 2000 under Golder personnel supervision. The wastewater (1,7;15 gals) and the drilling
mud/soils {2,875 gals) were transported directly from the Site to Clean Harbors Environmental
Services Facility in Baltimore, Maryland. Clean Harbors Environmental Services also provided

waste removal and transportation services.

Subsequent to the removal &f the [DW from the Site, additional wastewater and drifl cuttings
were generated during an additional soil boring and direct push investigation. The waste
(wastewater and drill cuttings} was contained in 55 gal drums properly labeled. Wastewater and
drill cuttings samples were collected and sent to the laboratory for waste characterization.
Results of the laboratory analysis are summarized in Appendix B-5. All waste generated during

the PRB pre-design field investigation program was characterized as non-hazardous.
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5.0 TREATABILITY STUDY
5.1 Iron Reactivity Column Test

5.1.1 General

In order to determine the reactivity of the granular iron considered for construction of an iron
PRB at the Site, a reactive bench scale column test was conducted on a sample of medium-fine
Connelly granular iron filings grade CC-1022 (-14 + 84 Mesh). EnviroMetal Technologies, Inc.
(ETD) working in association with the Institute for Groundwater Research, University of
Waterloo, Waterloo, Ontario, Canada conducted the bench scale tron reactivity column test. The
column test was flushed with contaminated Site groundwater. A schematic of the EnviroMetal

Process Column Test Apparatus is shown on Figure 18.

The objectives of the iron reactivity column test are to quantify degradation rates for the VOCs
in the Site groundwater, the generation and degradation of any VOC daughter products, and the
potential for precipitation and clogging of the iron due to changes in the groundwater chemistry
within the PRB. The concentration of VOCs in the groundwater in the column are measured
until steady state (unchanging) conditions are achieved, and at such time the groundwater VOC
concentrations can be related to the residence time of the groundwater in the presence of the iron,
see Figure 19. From such data degradation half-lives of the VOCs see Figure 20, and daughter
product generation rates and their respective degradation half-lives can be calculated, see Figure

21

5.1.2 Laboratory Method

The laboratory bench scale column test was conducted using the EnviroMetal Process (Gillham,
1996; Gillham and O’Hannesin, 1992 & 1994} to determine the rates of degradation of the
chlorinated organic compouﬁds that are present in the groundwater at the Site. A groundwater
sample from monitoring well MW33 was collected by Golder field personnel and sent to the

University of Waterloo for the iron reactivity column test.

The iron reactivity column consists of a Plexiglass™ cylinder with a length of 1.6 ft and an
internal diameter of 1.5 in. Seven sampling ports are positioned along the length of the column

as shown on Figure 18. The column was carefully loaded with iron, initially flushed with carbon
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dioxide, then distilled water, before the Site groundwater was introduced. The Site groundwater
was fed into the column at a constant rate of 0.94 ft/day (PRB groundwater flow velocity <0.5
ft/day) from a collapsible Teflon® bag. Based on ETI’s laboratory experience, a flow velocity of
about 2 f/day is the maximum that can be used for the type of iron tested to minimize
piping/channeling conditions in the sample. Samples for organic analyses, Eb and pH were
collected periodically from the sample ports along the column. Samples for both organic and

tnorganic tests, Eh and pH were also collected from the influent and effluent.

The concentration of a particular species was quantified along the column length at a particular
time; i.e. after the column was swept by a certain number of pore volumes of the Site
groundwater. Concentrations of VOCs were monitored along the column until the values at each
point in the column reached a relatively “steady-state” condition. “Steady state” condition is
reached when the column test shows a constant (i.e. unchanging) concentration profile along its
length. The flow rate used in the test was used to calculate the residence time of groundwater
relative to the influent end of the column at each sample point. The residence time was used to
determine concentration versus time plots for each of the VOCs. A first-order multi-species
kinetic model closely matched the degradation rates of the VOCs in the presence of zero valent

iron for each VOC compound.

The degradation of VOC's in the presence of iron can be approximated by a first order’
degradation model. First order rate constants are quantified that best fit the degradation and
daughter product pathway data, see Figures 20 aﬁd 21. The first order kinetic degradation modet
for a single specie is given in equation (1), the first order rate constant in equation (2), and the

haif life in equation (3).
C=Ce™ (1)

where C is the organic condentration in solution at time t, Co is the organic concentration in
solution at the initial or influent condition, i.e. at t=0, Aj is the first order rate constant for the

species and t is the residence time in the column.

A, ln(:%) (2)
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The half life, t;,, is the time for the organic concentration to be reduced to one half of it’s initial

or influent concentration, i.e. rearranging equation (1) gives:

The Connelly granular iron used in the column test was obtained from Connelly-GPM, Inc.,
Chicago, Illinois. Geotechnical laboratory testing was conducted on the Connelly granular iron
to determine its physical properties. The medium to fine Connelly CC-1022 iron filings tested
had a grain size ranging from 0.07 to 2 mm (ASTM D 421), and a specific gravity of 6.93
(particle density of 6.93 g/cm’) (ASTM D 854). Grain size distribution and specific gravity test

results are included in Appendix A-2.

Prior to column testing, a sample of the medium to fine Connelly iron was mixed with Golder's
standard cross linked gel to be used for emplacement of the granular iron in the hydrofracturing
process. The column sample was prepared and the column filled with 100% iron. Once the iron
column was ready for testing, groundwater collected from monitoring well MW33 was flushed
through the column. The column experiment was conducted at room temperature (23°C)~. The
iron column sample had a pore volume of 316 nil, a porosity of 0.56 and a density of 165 Ib/ft’
(2.6 g/lcm’).

A representative sample (dry) of the medium to fine Connelly granular iron filings CC-1022 used
for column testing was sent to Golder soils laboratory in Atlanta, Georgia for soil classification
{grain size distribution and specific gravity) and permeability testing. Other Connelly iron
grades and mixtures were also tested (grain size and permeability) during the selection process to
determine the most appropriate type of iron that would be compatible with the site soils and

various PRB installation methods. Data from these tests are contained in Appendix A-2.

* The column test data are extrapolated to field conditions using other iron reactivity data collected from
column tests conducted over a range of temperature conditions. Generally the column test is conducted at
Site groundwater temperature; however in this case the Site groundwater being 17-18°C was considered
sufficiently close to laboratory temperature that extrapolation to Site conditions could be made without
conducting a temperature controlled test. The degradation VOC half lives at field temperature conditions of
17-18°C were determined to be 1.73 times their respective VOC laboratory determined half life at 23°C.
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5.1.3 Results

Groundwater from monitoring welt MW33 as received in the laboratory contained 7,000 pg/L of
tetrachloroethene (PCE), 44,000 pg/L of trichloroethene (TCE), 5.000 pg/L of 1,1-
dichloroethene (11DCE), [20 pg/l. of cis-1.2-dichloroethene (¢cDCE), 1,000 pg/L 1.1.1-
trichloroethane (111TCA), 40 pg/l. of 1,1.2-trichloroethane (112TCA) and 450 pg/l. of
tretrachloromethane (CT). Trace amounts (about 5 ug/L) of trans-1,2-dichloroethene (tDCE)
were also detected in the collected groundwater. The residence time vs. concentration for the
species TCE, PCE, and 1,1-DCE along the column are given on Figure 19 for steady state
conditions, and similar plots for other VOCs and inorganic data are contained in Appendix C.
Organic conceatration data, MDLs and influent and effluent inorganic data for the column test

are detailed in Appendix C.

Redox potential (Eh) profiles were measured, indicating reducing conditions generated in the
column as expected. Eh decrease from an initial value of 345 mV to a value of 483 mV within
the column. The pH was observed to increase from an initial value of 7.3 to 9.5 in the column.

Eh and pH profiles along the iron column are included in Appendix C.

The potential for precipitation and possible clogging of the iron PRB was addressed by analysis
of the inorganic analytical test data from the iron reactivity column test. For the groundwater
flux estimated to pass through the full scale PRB, the potential for precipitation resulting in
significant loss of porosity is considered low. The inorganic data from the column test confirmed
that the Site groundwater acted similar to other laboratory studies on low carbonate groundwater.
The column test confirmed that precipitation and/or clogging is not an issue for an iron PRB at
this Site. The longevity of the iron PRB can not be determined from the column test; however,
from field data of iron PRBs, the proposed system should function satisfactory for at least 10 to

15 years, Gillham and O’Hannesin (1998).

5.2 Degradation Model for VOCs

A VOC degradation model was developed for the Site based on the iron column test results and

typical degradation rates of VOCs for similar groundwater chemistry and VOC concentrations in
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databases assembled by ETI (2000) and Golder (2000d). Reductive dehalogenation pathways for
PCE, TCE, 1,1,1-TCA and their daughter products were presented on Figures 7 and 8. The
multi-species VOC degradation model developed for the Site groundwater with associated
percentage conversions from parent to daughter products is shown on Figure 21. Based on this
VOC degradation model, degradation half-lives were determined for the VOCs encountered in
the Site groundwater and their VOC respective daughter products generated in the presence of

the iron filings.

Half lives for TCE and PCE were determined to be 3.5 and 4 hours, respectively. The flow
velocity of the column test was reduced from 0.94 ft/day to 0.39 ft/day after 40 pore volumes
when the column had reached “steady state” conditions in order to further evaluate degradation
rates for cDCE and VC. Estimated half lives for ¢cDCE, tDCE and VC including generation of
these VOCs from their respective parent compounds, see Figure 21 for generation rates assumed,
were calculated to be 6. 4 and 7 hours respectively. Significant generation of these daughter
products was not measured in the column test; however, such generation rates of daughter
product VOCs have been measured in earlier column tests and it was considered conservative to
assume that a proportion of these daughter products could be generated as detailed on Figure 21.
Other daughter products generated in the column test were 1,1-DCA and 1,2-DCA with a
calculated half-life of 15 hours for 1,1-DCA. The iron technology does not treat 1,2-DCA, which

had a peak concentration of approximately 20 ug/L in the column test.

5.3 Precipitation/Absorption of Metals and Other Compounds

Certain metals, such as hexavalent chromium, are reduced and thus precipitate in the presence of
iron, whereas other metals are directly precipitated or absorbed by the iron and thus rendered
immobile. Metals that can be removed from the groundwater flow regime in the presence of
iron, include Al, Sb, As Cd, Cu, Cr(VI), Pb, Mg, Hg, Ni, Se, Tc-99, U, V and Zn. A number of
workers have constructed iron reactive barriers for the removal of metals, e.g. Gu et. al. (1998),
Morrison (1998), Naftz (1998), Puls (1998), Su and Puls (1998), and in some cases a
combination of metals and VOCs, Schlicker et. al. (1998) and Puls (1998). Cyanide is
immobilized and removed from the groundwater flow regime as it enters the iron PRB due to the
formation of complexes of iron and cyanide, which are stable and remain immobile within the

PRB.
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In some cases the iron PRB can release metals either from the PRB or from the native soils due
to changes in pH and Eh. Normally the metals that potentially can be released are Fe and Mn.
The inorganic data from the column test show that these metals, Fe and Mn, are reduced in
concentrations as the Site groundwater passes through the column, and therefore these metals are

not expected to be released by the PRB in situ.
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6.0 GEOTECHNICAL AND SPECIALIZED PRB LABORATORY TESTS

6.1 General

Relevant design issues and perceived data gaps were identified in the PRB RDWP. The data
gaps relate to soil grain size data for selecting iron filings size gradation and specialized tests
relating to the azimuth controlied vertical hydraulic fracturing technology. All of these tests
were performed using soils and groundwater collected from the Site in order to provide a close
approximation of the existing field chemistry and geotechnical properties of the formation
materials. Golder field personnel collected all the samples during the PRB pre-design field

investigation program.

Soil and iron filings classification tests, soil resistivity and perm-leak-off column testing were
conducted by Golder’s Laboratory in Atlanta, Georgia. The laboratory testing program included

the following:

O Soil classification tests (grain size distribution, Atterberg limits, and specific gravity
tests} conducted on Site soil samples and different grades and mixtures of Connelly iron
filings for selection of the iron to be used for the iron reactivity bench scale column test;

Q] Iron hydraulic conductivity tests on different grades and mixtures of Connelly iron
filings;

O Perm-leak-off column testing (1) using reconstituted soils with similar grain size
distribution of representative Site soils and Golder’s fracturing iron-gel mixture used in
hydrofracturing technology; and

O Soil resistivity tests (saturated condition) using Site soil samples and Site groundwater;
and

O  Soil permeability tests conducted on remolded soils collected from the lower aquitard.

6.2 Site Soil and Groundwater Collection

Site groundwater for the iron reactivity column test and the soil resistivity tests were collected
from monitoring well MW33 by Golder field personnel during the May 2000 PRB pre-design
field program. Approximately 12 gallons of Site groundwater were collected for the iron
reactivity bench-scale column test, and two (2) gallons of groundwater were collected for soil

resistivity testing and other reactivity tests to be performed at Golder’s Laboratory in Atlanta,
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Georgia. The groundwater was shipped to the UW/ETI for the column test and to Golder in

Atlanta for the other specialized PRB tests.

Site soil samples were collected from continuousiy sampled SPT (ASTM D1586) borings
SBS13, SBS10, SBS11 and SBS!2 drilled adjacent to C10, D10, E10 and Fi2, respectively. The
samples were collected using a 24-inch long split-spoon sampler. Blow counts required to drive
the sampler each 6-inch increment were recorded, the recovery of the sample measured, and the
soil classified in the field in accordance with the Unified Soil Classification System (USCS).
Boring logs were prepared for the borings and are contained in Appendix A. The soil samples
(the complete spoon) were placed in zip-lock plastic bags and then shipped to Golder's
Laboratory in Atlanta, Georgia. Golder field personnel conducted all field sampling and

classification activities.

6.3  Soil Geotechnical and Hydraulic Conductivity Data

Site soils collected from borings SBS13, SB510, SBS11 and SBS12 were analyzed for grain size,
Atterberg limits, specific gravity and electrical resistivity, with data from these tests summarized
in Appendix A and detailed for each sample in Appendix A-1. A summary of the soil grain size
and resistivity data is given in Table 11. Soil hydraulic conductivity data are summarized in
Table 12 as quantified from well slug and pumping tests conducted in existing monitoring weils
and CPT hydraulic conductivity tests (ICF Kaiser, 1991, 1997) and as estimated from grain size
data using the Hazen Method (Dyy). The highest soil hydraulic conductivity values quantified or
estimated for the site were obtained from grain size data (SBS-11 and SBS-12) using the Hazen
Method (D)) with a value of 4.9 x 10 cmv/sec. The highest estimate from pumping tests was in
well OMW4 with a value of 2.3 x 10” cm/sec (constant-rate pumping test - Theis Recovery
Method)}, and of 3.6 x 10° cmv'sec from a slug test (falling head) conducted in well MW6. From
CPT hydraulic tests, the highest hydraulic conductivity value determined was from CPT E20 at
35.5' BGS with a value of 4 x 1§ gm/sec.
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6.4 Soil and Fracturing Fluid Electrical Resistivity

6.4.1 General

Active resistivity is used to monitor the injected geometry of iron permeable reactive barriers
during installation by the azimuth controlled vertical hydraulic fracturing technology. The
fracture fluid is made conductive and is electrically energized by a 100Hz signal so the receivers
in boreholes adjacent to the barrier can detect the fracture location. Induced 100 Hz voltages are
monitored and recorded during fracture growth. From these induced voltages, the PRB geometry
is calculated using incremental inversion algorithms to provide a high-resolution image of the
reactive barrier. This imaging provides a real time feed back of the fracture geometry during

injection and thus enables guantification of the continuity of the reactive barrier system.

For the active resistivity technique to be efficient there must be a significant contrast between the
resistivity of the formation (soil and groundwater) and the fracturing fluid. Laboratory testing
was performed using Site soil samples collected from the soil borings SBS13, SBS10. SBS11 and
SBS12 saturated with Site groundwater collected from groundwater monitoring well MW33,
The conductivity of the iron-gel fracturing fluid is adjusted by the addition of sodium or
potassium chioride to the fracturing fluid. The Golder standard fracturing fluid design resistivity
range depends on site conditions, and the possibie range of gel resistivity as detailed in Appendix
A-5. For the PRB hydrofracturing installation method, the final gel design must consider the Site

soil resistivity in the area where the permeabie barrier is to be instatled.

6.4.2 Laboratory Method

The soil electrical resistance was estimated in the laboratory following the Standard Method for
Field Measurement of Soil Resistivity Using the Wenner Four Electrode Method (ASTM G 57).
Samples were placed in a soibbox with two plate electrodes and two pin electrodes. The soil
sample was saturated with groundwater collected from groundwater monitoring well MW33,
Using a Nillson Modei 400 four-pin soil resistance meter, a voltage potential was applied to the
plate electrodes in the soil tray causing a current flow through the sample. The voltage drop and
current were measured between the two pin electrodes using the same meter. The geometry of the
box is such that a correction factor of 1 is used for the Wenner array and hence electrical

resistance measurements are in effect direct.
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Electrical resistivity testing of soils required the soil box to be filled with the sample. The source
and detector electrodes in the soil box were connected to the meter. A known current was passed
between the two source electrodes and a voltage drop measured between the two detector
electrodes providing an estimate of resistance. Resistivity values are normalized (ASTM G 57)

at 15.5 °C using the following expression:

Resistivity @ 15.5 °C = [(24.5 + Temperature)/40] x Resistivity (4)

6.43 Results

The resistivity results for the soil samples are summarized in Table 11 and details are contained
in Appendix A-1. Based on the laboratory soil resistivity tests, the iron-gel mix should have a
maximum resistivity of 300 ohmscm for contrast purposes with the existing soils during

hydrofracturing active resistivity monitoring.

6.5 Leak Off Testing of Soils

6.5.1 General

During the injection of a fracturing fluid into the formation (hydrofracturing). fluid is lost
(leaked off) from the fracturing ge! mix to the formation. This leak off characteristic is dependent
on both fracture fluid constituents and formation characteristics. The volume of fluid lost during
fracturing determines the fracturing fluid efficiency or the ratio of fracture volume to volume of
fluid pumped. It is important to know this efficiency to prevent early fracture termination caused

by premature deposition of the granular component of the fracturing fluid.

The rate of leak off to the formation is governed by the fracturing fluid leak off coefficient, C,
which is a combination of three types of finear flow mechanisms (Gidley et. al., 1989). The three
types of flow mechanisms aré': fracturing fluid viscosity and relative”permeability effects Cv,
reservoir-fluid viscosity/compressibility effects Cc, and wall building effects Cw. Cv and Cc can
be estimated theoretically from aquifer data and fracture fluid viscosity data while Cw must be

investigated experimentally.
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6.5.2 Laboratory Method

Golder developed a laboratory leak off test procedure for soils for the estimation of the leak off
coefficient Cw. The test method is an adaptation of leak off testing on core used in the petroleum
industry detailed in API RP-39. Essentially the method utilizes a pressure cell containing a piston
as shown on Figure | in Appendix A-3. The apparatus has an inlet at the top of the cell (above
the piston) and an outlet at the base of the cell. A site soil sample is placed in the cell with
enough water to saturate the sample. The sample is consolidated at a normal pressure equivalent
to the estimated in-situ effective vertical stress at the approximate depth where the hydrofracture
will be initiated (typically within the lower 10 feet of the barrier) by applying pressure above the
piston to compact the soil. During consolidation, the excess water is allowed to exit through the
outlet at the base of the pressure cell. The dry unit weight and porosity of the sample are
calculated and recorded. Fracturing fluid is placed between the soil sample and the piston. The
fracturing fluid is then pressurized against the soil sample by the piston, using a pressure in the
vicinity of the expected down hole fracturing fluid pressure. The volume of fluid expelled from
the base of the cell is monitored and is equivalent to the volume of fracturing fluid that leaked off

1o the sample.

Leak off test data are plotted as filtrate volume vs. the square root of time as shown in the
laboratory test results detailed in Appendix A-1. The test shows two phases of the leak off
phenomenon. The first stage is the wall building stage of leak off where the fracturing fluid
penetrates the formation causing a filter cake to build up on the formation - fluid interface. The
volume of fluid lost in the wall building stage of fracturing is called spurt loss. The first stage of
leak off can be recognized on Figure A-1 as the early time curvature of filtrate volume versus
time. During the second stage, after the filter cake has built up, viscosity and compressibility
effects resist the rate of fluid loss only. The later time straight line of the test results represents

this stage. The slope of this line is used in the following equation to determine Cw:
Cw = (m/2Ac) (5)

where Cw is the wall building coefficient (cm/min'?), m is the slope of the best-fit straight line

(cm*min'?), and Ac is the cross sectional area of the soil sample in the test cell (em®).

AR301 15k



April 2001 -32. 996-1100

The volume loss determined as the ordinate intercept of the straight line used to determine the
Cw coefficient at time zero is used to determine the Spurt value for the leak off test. The Spurt is

obtained using the following expression:

Spurt value = (Fluid loss/2Ac) (6)

6.53 Resilts

The test was carried out at 49 psi pressure on a reconstituted sand sample represeﬁtative of the
soils collected from borings SBS13. SBS10, SBSI1 and SBSI2. Prior to placement of the cross-
linked gel iron mix over the soil, the soil was consolidated at an effective stress of 30 psi. The
confining stress was applied at increments of 5 psi to minimize excessive pore water pressure
during the consolidation process. The remoided dry unit weight and porosity of the soil were

95.1 pounds per cubic foot (PCF) aud 0.43. The test results are included in Appendix A-3.

6.6 Micro-Head and Hydraulic Conductivity Testing of Iron Reactive Mixture

6.6.1 General

Hydraulic conductivity testing was conducted on several iron samples to ensure that the iron
filings selected for the PRB were compatible with the soils at the Site. For the PRB
hydrofracturing instaliation method, the hydraulic conductivity of the fracture emplaced iron was
tested to verify that breaking of the cross-linked fracturing fluid would take place and that the
remaining iron filings would have a similar or greater hydraulic conductivity than the host
formation. An emplaced PRB with a hydraulic conductivity significantly less than the formation
would impact the groundwater flow regime and the contaminated groundwater may be diverted

around the PRB and thus not be remediated.

p:
6.6.2 Laboratory Method

Iron Hydraulic Conductivity Tests

Hydraulic conductivity testing was conducted on different grades of Connelly iron filings using
the constant head permeability method (ASTM D 2434). Grain size distribution analysis (ASTM

D 422) was conducted on all samples prior to testing as detailed in Appendix A-2Z. Air dry
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samples were placed in the cells in uniform lifts until the sample height was reached. Minimum
compacting effort was applied to the samples. Porosity determinations were made at the

completion of each test.

Micro-Head Iron-Gel Hydraulic Conductivity Test

Hydraulic conductivity testing was conducted on an iron-gel sample following the leak-off test
after the enzyme breaker present in the mix broke the cross-link of the iron-gel mix. The iron-gel
mix consisted of gel cross-linked with medium fine Connelly iron filings CC-1022. The test was
conducted using the constant head permeability method (ASTM D 2434) using a 3-inch diameter

cell and the soil leak-off micro-head permeameter as shown on Figure A-1 in Appendix A-3.

The leak-off test was first conducted on the sample as described in Section 6.5 above with results
detailed in Appendix A-3. Following the leak-off test the pressure was reduced to a closing
pressure of 19 psi as expected after construction of the PRB using the hydrofracturing
technology. The closing pressure was maintained and tap water was used to permeate the iron-
gel sample during the test. The test was continued for a minimum of 10 pore volumes or until
hydraulic conductivity values reached an approximately steady state condition. Concurrent with
the hydraulic conductivity test, effluent samples were monitored for changes in total organic
carbon (TOC). At the completion of the tests the final porosity of the iron filings layer above the

soil sample was determined.

6.6.3 Results

Iron Hydraulic Conductivity Tests

The results of the iron hydraulic conductivity tests are summarized in Appendix A-2. The
hydraulic conductivity of the Connelly CC-1022 sample selected for the PRB and used in the
iron column test was 1.2 x 10" cm/sec. A porosity of 0.6 was determined for the sample at the

end of the test. The hydraulic conductivity test data are included in Appendix A-2.
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Micro-Head Iron-Gel Hydraulic Conductivity Test

Hydraulic conductivity values increased with the number of pore volume flushes and the levels
of TOC in the effluent decreased. The reduction of TOC in the effluent water was associated
with the reduction of gel compounds in the iron sample. The hydraulic conductivity and effluent
analytical (TOC} data are included in Appendix A-4. The hydraulic conductivity of the iron-gei
soil sample after 15 pore volume flushes approached 1 x 107 cm/sec, which is comparable to the

soil hydraulic conductivity within laboratory measurerent accuracy.

6.7  YViscosity of Fracturing Fluid

6.7.1 General

The viscosity of the gel and cross-linked fracturing fluid was measured in order to quantify the
selected gel fluid for use as a fracturing fluid in the PRB hydrofracturing technology instaltation
method. Viscosity data are also used for quality control of the gel during construction and for

hydraulic fracturing design analyses.

6.7.2 Laboratory Method

The viscosity of 48 Ib. gel (cross-linked) per 1000 gallons of water fracturing fluid, and uncross-
linked samples (guar fluid) was measured in the laboratory using an EG&G Chandler Model 35
coaxial cylinder viscometer. The viscosity was measured for a range of shear rates between 1

and 100 sec' at temperatures ranging from 6 ° to 36° C.

6.7.3 Results

The test results are included in Appendix A-6. The gel fluid displayed a pseudo-plastic (or shear
rate thinning) behavior from { to approximately 50 sec with viscosity values ranging from 1,800
to 145 cp (centipoise). From 50 to 100 sec’' shear rate the sample displayed approximately a

constant viscosity of 145 cp displaying the characteristics of a Newtonian fluid.
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1.0 DESIGN OF CAP SYSTEM

7.1  General

Saltire and the USEPA have agreed to implement an alternative remedy for groundwater at the
Arrowhead Plating Site. The major components of the newly selected remedy action (RA)

described in the ESD are:

0 A PRB to transform dissolved VOCs into non-toxic products before groundwater
discharges into the tributaries of Scates Branch;

O Implementation of an environmental monitoring plan to evaluate the effectiveness of the
RA and to ensure the protection of environmental receptors in Scates Branch; and

J Implementation of appropriate institutional control measures, if needed, prohibiting the use
of contaminated surficial groundwater to ensure protection of public health and the
environment.

Discussions on the selected PRB Remedy, process description of the zero valent iron technology
and the design requirements and criteria for the PRB system were presented in the Preliminary
(30%) PRB Design Report (Golder 2000a). Following the submittal of the Preliminary (30%)
PRB Design Report, additional evaluations were completed and it was determined that the
addition of a Cap System as part of the PRB Remedy would improve and make more cost-
effective the PRB Remedy for OU-2. The Cap System was proposed to EPA and VDEQ during
the October 24, 2000 meeting and further discussed during the October 30, 2000 conference call.
The proposed layout of the PRB and Cap System at the Site is shown on Figure 22.

The design of the Cap System for the Site required the evaluation of the existing Site conditions
in terms of ground surface drainage patterns, precipitation infiltration rates, Site geotechnical and
hydrogeologic characteristics, and quantification of the impact of the Cap System on the
groundwater flow gradients (lower flow gradients) across the PRB and the amount of
groundwater flux passing through the PRB System. This Sectiorrprovides the Cap System design
methodology, Cap System design requirements and criteria (as earlier detailed in Section 3.2.3),
the evaluation of infiltration rates before and after placing the Cap System, the impact of the Cap
System on the PRB Design based on site wide (regional) groundwater flow modeling, and finally

the Cap Systemn design.
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7.2 Cap System Design Requirements and Criteria

The Cap System must be designed to significantly reduce the infiitration of precipitation into the
subsurface and to have a significant impact on the groundwater recharge conditions within the
Site, and therefore to reduce both groundwater flow gradients across the PRB and the amount of

groundwater flux passing through the PRB System.

The overall design methodology for the Cap System consisted of modeling existing site wide
(regional) precipitation infiltration and groundwater flow conditions, modeling the effect of
different Cap Systems con infiltration rates, and modeling the impact of the selected Cap System

on the groundwater flow gradients across the PRB.

The Cap System must be designed to meet the design requirements and criteria as detailed in
Section 3.2.3. The Cap System is an integral part of the PRB since its intent is to limit the
infiltration of surface water into the subsurface and thus reduce the groundwater flow gradients
across the PRB. Therefore the objective of the Cap System is to enhance the PRB performance

by reducing the mass flux of contaminants that the PRB must degrade.

7.3 Infiltration Rates Evaluation

7.3.1 Methodology

The Hydrologic Evaluation of Landfill Performance, or HELP, model developed by the U.S.
Environmental Protection Agency Risk Reduction Engineering Laboratory, Cincinnati, Ohio
(Schroeder et. al. 1994) was used to determine the impact of a Cap System on the precipitation
infiltration rates and the Site groundwater flow conditions. Precipitation infiltration rates for the

Site were determined without (i.e. existing conditions) and with a Cap System.

The HELP model is a quasi-two-dimensional hydrologic model for conducting water balance
analyses. The model accepts weather, soil and design data, and utilizes solution techniques that
account for the effects of surface storage, snowmelt, runoff, infiltration, evapotranspiration,
vegetative growth, sotl moisture storage, lateral subsurface drainage, unsaturated vertical
drainage, and leakage through soil, geomembrane or composite liners. The program uses weather

(climatic), soil and design data to generate daily estimates of water movement across, into.
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through and out of landfills. To accomplish this objective and compute a water balance, daily
precipitation is partitioned into surface storage (snow), snowmelt, interception, runoff,
infiltration, surface evaporation, evapotranspiration from soil, subsurface moisture storage, liner
leakage (percolation) and subsurface lateral drainage to collection, removal and recirculation

systems.

The hydrologic processes modeled by the program are divided into two categories: surface
processes and subsurface processes. The surface processes modeled are snowmelt, interception
of rainfall by vegetation, surface runoff, and surface evaporation. The subsurface processes
modeled are evaporation from soil profile, plant transpiration, unsaturated vertical drainage,

containment soil liner percolation, geomembrane leakage and saturated lateral drainage.

Daily infiltration into the subsurface is determined indirectly from a surface water balance.
Infiltration is assumed to equal the sum of rainfalf, surface storage and snowmelt, minus the sum
of runoff, additional storage in snow pack and evaporation of surface water. No liquid water is
assumed to be held in surface storage from one day to the next except in the snow pack or when
the topsoil is saturated and runoff is not permitted. Each day, the free available water for
infiltration, runoff, or evaporation from water on the surface is determined from the surface
storage, discharge from the snow pack, and rainfall. Snowfall is added to the surface snow

storage, which is depleted by either evaporation or melting.

Snowmelt is added to the free available water and is treated as rainfall except that it is not
intercepted by vegetation. The free available water is used to compute the runoff by the Soil
Conservation Service (SCS) rainfall-runoff relationship. The interception is the measure of water
available to evaporate from the surface. Interception in excess of the potential evaporation is
added to infiltration. Surface evaporation ts then computed. Potential evaporation from the
surface is first applied to the interception; any excess is applied to the snowmelt, then to the
snow pack and finally to the ground melt. Potential evaporation in excess of the evaporation from
the surface is applied to the soil column and plant transpiration. The snowmelt and rainfall that
does not run off or evaporate is assumed to infiltrate into the subsurface along with any ground

melt that does not evaporate.

The first subsurface processes considered are soil evaporation and plant transpiration from the

evaporative zone of the upper sub profile. A vegetative growth model accounts for the daily
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growth and decay of the surface vegetation. The other subsurface processes are modeled one sub
profile at a time, from top to bottom, using a design-dependent time step ranging from 30
minutes to 6 hours. A storage-routing procedure is used to redistribute the soil water among the
modeling segments that comprise the sub profile. This procedure accounts for infiltration or
percolation into the sub profile and evapotranspiration from the evaporative zone. Then, if the
sub profile contains a liner, the program coinputes the head on the liner. The head on the
containment layer is then used to compute the leakage/percolation through the layer and, if
lateral drainage is permitted above the top of the containment layer, the head on the liner is

determined from lateral drainage to the collection and removal system.

Containment systems modeled include various combinations of vegetation, cover soils, lateral
drain layers, low permeability barrier soils, and synthetic geomembrane liners. The model
facilitates rapid estimation of the amounts of runoff, evapotranspiration, drainage, leachate
collection (in the case of landfills) and liner leakage that may be expected to result from wide
variety of containment system configurations. The primary purpose of the model is to assist in

the comparison of design alternatives.

7.3.2 Weather Conditions

The weather data required in the HELP model are classified into four groups: evapotranspiration,
precipitation, temperature and solar radiation data. Weather data may be entered using several

options depending on the type of weather data being considered.

The HELP model does not have weather data for Montross, VA. It was, thus necessary to
synthetically generate the required data based on precipitation and temperature data obtained
from Colonial Beach, VA (located 20 miles north of Montross) and weather patterns from
Norfolk and/or Richmond, VA (see Figure 1| for location of cities/towns). Norfolk weather
patterns input was-'the preferred model because Norfolk is located close to the ocean, like
Montross, and thus, the weather patterns are expected to be similar and influenced by ocean
currents and winds. However, Norfolk was not always available as a model city and in that case,

Richmond was used. The different weather input parameters used in the HELP model include:

Q Evapotranspiration;

{ Evaporation Zone Depth;
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U Maximum Leaf area Index;
Growing Season;
Precipitation Data;

Temperature Data; and

O 0o0aDo

Solar Radiation Data.

The weather data input used for the evaluation of infiltration rates at the Site is provided in
Appendix D in the HELP output runs. The synthetically generated mean precipitation and

temperature data for the Site is presented for each month as plots on Figure 23.

7.3.3 Subsurface Soil Conditions

Soil data used in the HELP model can be either the HELP model default soil/material textures
data or specifically defined soil texture data. For the determination of infiltration rates without
and with a Cap System, default soil data (from a data base of 42 default soil/material textures)
for similar soils encountered at the Site and Cap System design components were used in the
evaluations. For the evaluation of the existing conditions the following soil input parameters

were used for the subsurface soils above the water table (unsaturated zone):

Soil Type (Unified Soil Classification System);
Soil Porosity;
Soil Wilting Point (lowest soil water storage/volumetric content that can be achieved),

Soil Initial Water Content; and

D00 dOo

Soil Effective Saturated Hydraulic Conductivity (above and below the evaporative/root
zone)

When a default soil type in the HELP model is used to describe the topsoil layer, the program
adjusts the saturated hydraulic conductivities of the soils in the top half of the evaporative zone
for the effects of root channels. ’The saturated hydraulic conductivity value is multiplied by an
empirical factor that is computed as a function of the maximum leaf area index (LAI). Example
values of this factor are 1.0 for a maximum LAT of O (bare ground), 1.8 for a maximum LAI of 1
(poor stand of grass), 3.0 for a maximum LAI of 2 (fair stand of grass), 4.2 for a maximum LAI

of 3.3 (good stand of grass) and 5.0 for a maximum LAI of 5 (excellent stand of grass).
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The soil data input used for the evaluation of infiltration rates at the Site is provided in Appendix

D (HELP output runs).
7.3.4 Existing Infiltration Rates Evaluation

The first part of this evaluation included estimating the amount of infiltration through the exiting
in-situ soils down into the groundwater. Due to the variability of surface slopes and subsurface
unsaturated thickness, a sensitivity analysis was completed to determine infiltration rates for the
expected range of surface slopes and unsaturated soil thickness conditions at the Site. The arca
considered for the evaluation is shown on Figure 24, which shows the location of the Cap System
with respect to the PRB System and the Upper Aquifer groundwater-modeling region. For this
purpose, the model was run for 12 different conditions for unsaturated zones (depth to
groundwater table) of 10, 15 and 20 ft thick and surface grades of 0.5%, 2.5%. 10% and 25% for

each case analyzed.

For runoff calculations, Runoff Curve Numbers were computed by the HELP model based on
surface slope, slope length, soil texture and quantity of vegetation cover for each option

evaluated.

In general, the precipitation infiltration rates at the Site for the range of conditions evaluated
ranged from 6.7 inches per year (infyear) (20 ft unsaturated soil thickness and 25% slope grade)
to 7.2 infyear (10 ft unsaturated soil thickness and 0.5% slope grade). The infiltration evaluation
results for the existing conditions are shown as plots on Figure 25. The.average precipitation per
year was estimated to be 41 in/year. Of this, about 9% goes into runoff. 74% into
evapotranspiration and 17% into infiltration/groundwater recharge. Input data and output results

of the HELP modeling runs are included in Appendix D-{.
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7.3.5 Cap System Infiltration Rates Evaluation

The second part of the evaluation consisted in estimating the infiltration of rainwater through the
Cap System down to the groundwater also using the HELP model. In order to select the most
cost-effective Cap System, four (4) cover system configurations were evaluated in terms of
technical effectiveness and cost. The different cover systems considered are shown on Figure 26
and the components of the cover systems are described below from the top down for each

alternative evaluated:

Q Alternative A: 24 inches of vegelative cover, a geotextile/geonet/geotextile composite

(geocomposite) drainage layer and a low permeability geosynthetic clay liner (GCL);

Q Alternative B: 24 inches of vegetative cover, 12 inches of sand drainage layer and a low

permeability geosynthetic clay liner (GCL);

O Alrernative C: 24 inches of vegetative cover, 12 inches of sand drainage layer and a low

permeability high-density polyethylene (HDPE) geomembrane liner; and

QO Alternative D: 24 inches of vegetative cover, a geocomposite drainage layer and a low

permeability high-density polyethylene {(HDPE) geomembrane liner.

The Cap System is modeled in the HELP model as a layered system with different material
properties to incorporate the vegetative cover (vertical percolation layer), the lateral drainage
layer, the barrier soil layer (in this case the GCL) and/or the geomembrane liner if used in
conjunction with a barrier soil.  For determining the amount of infiltration down to the
groundwater table, an unsaturated soil layer 17 ft thick below the Cap System was used for
modeling. In addition to the evaluations completed for the above alternatives. an evaluation was

completed without a Cap System for the existing conditions to determine the effectiveness of the

Cap System.

The input data used for the evaluation of each of the Cap System altematives is shown in the
HELP model computer run outputs included in Appendix D-2. Based on the Cap System

modeling results, Alternatives A and D would reduce the infiltration rates from 7 in/yr (existing
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conditions) to about 0.9 in/yr and 0.2 infyr, respectively. A summary of the infiltration
evaluation results with the associated estimated installation costs per acre for each Cap System
alternative are presented on Table 13. Alternative A, 24-in vegetative cover, a geocomposite and
a GCL is considered the most appropriate Cap System for the Site in terms of effectiveness on
reducing infiltration rates, ease of installation, less QA/QC and oversight required and an
installed cost per acre similar to Alternative D (with a geomembrane liner instead of a GCL as
the low vertical hydraulic conductivity barrier). The lower infiltration rate of 0.2 in/yr for
Alternative D would not have any greater reduction on groundwater flow gradients across the

PRB compared with Altemative A Cap System with an infiltration of 0.9 in/yr.

7.4  Groundwater Modeling

7.41 General

The occurrence and movement of groundwater in the Upper Aquifer at the Site is controlled by
the aquifer parameters (e.'g. thickness, transmissivity, leakage, etc.) and by the boundary
conditions and external stresses (e.g. recharge areas, no-flow boundaries, pumping wells, etc.).
These characteristics are manifested in the potentiometric data presented on Figure [3 for water

levels collected in May 2000.

As indicated in Section 2, regional groundwater flow conditions at the Site are controlled by
existing surface water drainage features and the amount of rainfall infiltration into the subsurface
to the groundwater. The area is predominantly a groundwater recharge area with a docurnented

groundwater flow divide {Golder 2000b) at or about U.S. Route 3.

An average of 6.7 to 7.2 inches per year depending on ground surface slope and depth to the
groundwater table (unsaturated thickness) was estimated to infiltrate through the subsurface into
the groundwater within the area 9_f study as shown on Figure 24. This infiltration correspondg to
about 17% of the average precipitation per year of 41 in/year as determined from the HELP

modeling (see Section 7.3.4).

The objective of this modeling analysis was to predict the effect of the Cap System on the
groundwater flow conditions at the Site in terms of groundwater flow gradients and flow

direction changes. It should be noted that no model could provide an exact representation of the
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hydrogeologic system being studied. While this model was based on the best available data and
conservative assumptions were used where appropriate, the simulations presented herein are, as
with any model, only an approximation of the way the system will behave when a Cap System is

constructed at the Site.
7.4.2 Methodology

The numerical modeling investigation was conducted using the computer mode! MODFLOW
(USGS, 1988) to simulate the aquifer system. A brief description of the model code and the

general approach to the modeling investigation are presented below.

MODFLOW was developed by the United States Geological Survey (USGS, 1988) for three-
dimensional analysis of groundwater flow systems. The model uses a finite-difference approach
to approximate the analytical solution of the partial-differential groundwater flow equation.
MODFLOW has been used for similar aquifer studies in numerous areas nationwide and is

generally considered to be the most widely used and accepted three-dimensional model available.

MODFLOW is based on approximations of flow through a three dimensicnal array of cells.
Various aquifer input parameters are assigned to each individual cell within the model, which
allows for spatial variations in aquifer parameters throughout the modeled system. This
approach limits the number of inherent simplifying assumptions required by the model. The only

major assumption is that Darcy’s Law of flow is applicable.

The general approach to the groundwater flow modeling investigation is as follows:

O Develop a conceptual model of the aquifer system to define the hydrogeologic
parameters and boundary conditions which control groundwater flow within the Upper
Aquifer in the study area;

(J Create a realistic numerical model using appropriate parameters and boundary conditions
as input data;

(3 Calibrate the model by adjusting the parameter values until hydraulic heads conform, as
close as practical, to known data; and

O Perform predictive simulations after a Cap System has been constructed at the Site.
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7.4.3 Model Set-up

Model set-up included the creation of a suitable model grid to represent the Upper Aguifer within
the area of interest. For the Cap System Design, a grid system of 67 rows and 113 columns
resulting in 7,571 blocks (or cells) with a uniform cell size of 50 ft by 50 ft was used to model

local groundwater flow regime, covering a representative area of approximately 435 acres.

The systemn was modeled using a single layer with an impermeable base at 105 ft. msl. The
lateral model boundaries were primarily simulated as drains with specified heads based on
elevations representing the streams and drainages that surround the Site. No-flow boundaries
were specified in areas where streams are not present. The model grid is shown on Figure 27 and
the surface water drainage features were modeled as drains deplicted as smaii circles on this

figure.

The modeling grid includes the modeled area above 105 ft. msl, which represents the limits of
the Upper Aquifer. Therefore, the minimum elevation of the drains was set at 105 ft. msl to
simulate the effects of seepage faces occurring near the base of the aquifer (above 105 ft. msl) at

the point of discharge.

7.4.4 Model Input Parameters

Model input parameters used in MODFLOW (those representing the hydraulic characteristics of

the system) consist of the following:

2 Lateral hydraulic conductivity (K);
(d Recharge from infiltration due to precipitation (I); and
O Bottom of Aquifer.

Site-specific hydrogeologic data was used as input parameters as follows:

@ Hydraulic Conductivity ranging between 4.0 x 10 cm/sec to 1.5 x 107 em/sec (i.e. 1.1
ft/day to 4.3 fi/day)

L} Recharge = 7 in./yr (0.0016 ft/day)

O Bottom of Aquifer = 105 ft. msl
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The aquifer was assumed to be heterogeneous (varying lateral hydraulic conductivity) within the
range of values obtained from previous hydrogeologic tests performed at the Site (Table 13).
Uniform recharge was applied across the Site except in those areas covered by buildings and
paved parking lots, which were assumed to have zero recharge (see Figure 27) with adequate
surface water drainage and management. Current and proposed surface water drainage and
management are detailed later in the Cap System design, Section 7.5.3, which will ensure
infiltration is zero in these paved areas. All simulations were run under steady state conditions.
The output of the model is generated in the form of potentiometric head contours across the

modeled area.

7.4.5 Model Calibration

The numerical flow model was calibrated by varying selected input parameters and comparing
calculated heads to known heads until a reasonable match was obtained. The calibration strategy
was to initially vary the best know parameters as little as possible, and vary the lesser-known
valoes the most. Hydraulic heads were calibrated to the May 2000 potentiometric groundwater

level data (see Figure 13).

The model was primarily calibrated by varying hydraulic conductivity and comparing calculated
heads to known heads until a reasonable match was obtained. Hydraulic heads were calibrated to
potentiometric levels measured in May 2000. Hydraulic conductivity was varied between 4.0 x
107 co/sec and 1.5 x 10° cmvsec (i.e. 1.1 fivday to 4.3 ft/day), representative of pump test data
(see Table 12). The hydraulic conductivity data selected for calibration of the model are shown
on Figure 27, with three distinct areas of differing hydraulic conductivities based on pump test
data. Drain elevations were also varied slightly in selected areas to simulate changes in

elevation. Recharge and aquifer thickness were not varied during the calibration process.

Calibrated potentiometric heads are shown on ‘Figure 28. In general, calculated heads were
within 0.5 feet of the observed heads in the May 2000 sampling event. The groundwater flow
model prepared for the Cap System Design is considered appropriate for determining the impact

of the Cap System on the PRB Design.
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7.4.6 Predictive Simulation

Using the calibrated groundwater model, the Cap System was incorporated into the model to
evaluate the impact the Cap System would have on the groundwater flow and ultimately the
design of the PRB System. The model was modified by adding the Cap System area and
reducing the average infiltration rate of 7 in/yr for the existing conditions to the predicted 0.9
in/yr within the area covered by the Cap System (Altemative A). The new potentiometric
contours depicting changes in groundwater flow based on this reduction in infiltration are shown

on Figure 29.

The new flow gradients perpendicuiar to the PRB alignment are shown on Figure 30. In general,
the Cap System reduced groundwater flow gradients perpendicular to the PRB by 19 to 31%
along the PRB alignment for Design Case [, by 27 to 70% along the PRB alignment for Design
Case II, by 30 to 51% along the PRB alignment for Design Case Il and by 22 to 30% along the
PRB alignment for Design Case IV.

74.7 Impact of Cap System on PRB Design

The VOC degradation performance of a PRB is dependent on the residence time of the
contaminated groundwater in the presence with the iron fillings. The velocity of groundwater in a
highly permeable reactive barrier can be quantified from the natural hydraulic gradient of the
Site, hydraulic conductivity of the soils, and the porosity of the PRB as described in the PRB

design, Section 8.2.

The actual contact time of the contaminated groundwater with the iron filings is calculated from
the groundwater velocity in the PRB, the PRB thickness and the volume percent of iron filings
comprising the reactive barrier material. The required residence time, and hence PRB thickness
and required iron filings depend on the extent of contaminant degradation required. This
residence time depends on the influent contaminant concentration, degradation half life and
pathway, daughter product generation and degradation and the design effluent contaminant

concentration.
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The addition of the Cap System as part of the PRB Remedy will have a significant impact on the
groundwater flow gradients perpendicular to the PRB alignment as shown on Figure 30. This
reduction in horizontal flow gradients across the PRB will result in lower flow velocities and an
increased residence time in the PRB and therefore reduce the required PRB effective thickness
for the same reduction in VOCs. The impact of the Cap system on the PRB system was first
evaluated following completion of the groundwater modeling for the PRB section designated as
Design Case III {see Section 8.0). For PRB Design Case III without a Cap System, the PRB
would need to be at least eight (8) inches thick; whilst, with the Cap System the PRB could be
reduced to 4.5 inches in thickness to achieve effluent VOCs concentration levels below their
respective MCLs. The impact of the Cap System on the PRB effective thickness makes azimuth
controlled vertical hydrofracturing technology (see Section 9.0) more competitive, and thus
reduces issues asseciated with surface water management during construction as well as potential
waste management and waste disposal costs. The final groundwater modeling analysis of the
Cap System was used directly as input data into the PRB design, as described in the PRB design

in Section 8.0.

7.5 Cap System Design

7.5.1 General

The functional requirement of the Cap System is to significantly reduce infiltration rates of
rainfal! into the subsurface and ultimately reduce the groundwater hydraulic flow gradients
across the PRB System. The addition of the Cap System as predicted by the groundwater
modeling had a significant impact on the groundwater recharge conditions within the Site, and
therefore reduced both groundwater flow gradients across the PRB and the amount of

groundwater flux passing through the PRB System.

In general, the evaluation and design of the Cap System considered the following:

»

O Geotechnical and hydrogeologic data collected for the Site during previous
investigations and the additional data collected during the PRB Pre-Design Field
Investigation Program,

U Topography and Surface Water drainage Patterns;

O Existing Site Features and Structures;
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Q Climate Data (precipitation, temperature, etc);

Cap System Composition and Thickness;

Cap System Configuration, Construction and Vegetation;

Cap System Surface Water and Internal Drainage;

Cap System Long Term Maintenance and Contingencies Plan;,

Impact of Cap Systemn on Future Land Use; and

0 0 0 0 o o

Impact of Vegetative Cover on Natural Wildlife Habitat.
7.5.2 Cap System Configuration

The design of the Cap Systermn considered existing topography, climatic data (rainfall, frost
penetration, temperature, etc), availability of on-site borrow soils for the vegetative cover, cover
surface and internal drainage management and long term maintenance. A topographic map was
developed for the area where the Cap System is proposed detailing existing surface water

management features.

The proposed location of the Cap System is shown in plan on Figure 31 and covers an area of
approximately four and one half {4-1/2) acres. The cover system is designed with a 1 %
minimum surface slope and a maximum slope of 3H:1V. Surface water drains from the cover

system to two (2) main ditches for proper surface water management as shown on Figure 31.

The HELP model (Schroeder, et. al. 1994) was used to evaluate different cover system
configurations (Alternatives A through D) as discussed in Section 7.3.5 and shown on Figure 26.
The selected cover system for the Site (Alternative A) consists from top to bottom of 24 inches
of vegetative cover, a geotextile/geonet/geotextile (geocomposite) drainage layer and a
geosynthetic clay liner (GCL). The cover system internal geocomposite drainage layer will drain
on a‘mjnimum slope of 1% towards two (2} inﬁEtration collection drains draining at a minimum
slope of 1% as shown on plan on Figure 32. A cross section of the Cap System showing surface

and internal drainage grades and as well as typical details are shown on Figures 33 and 34.
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7.5.3 Surface Water Management

The existing surface water management of the Site includes a network of underground storm
drainage pipes collecting rainfatl water from the existing building and parking lot, and surface
water ditches collecting surface water within the proposed footprint of the Cap System as shown
on Figure 35. The design of the surface water management control structures for the proposed
Cap System has considered existing drainage patterns and modification to drainage patterns
caused by the final Cap System grades. In general, the drainage patterns after the construction of
the cover system will be similar to those of the existing conditions. The proposed Cap System

Surface Water Management Plan is shown on Figure 36.

The computer program TR-35 (Soil Conservation Service 1986) was used to determine peak
flows based on proposed cover final grades and rainfall as detailed in the TR-55 reference
manual for the 2 yr (3.4 inches) and 25 yr (6.3 inches) 24-hr stonn events. Drainage catchment
delineation and time of concentration data were determined based on the cover configuration.
Ground cover and soil type were conservatively assumed to be short grass and low-permeability
soil, respectively. Soil Type C was used in the analysis and the drainage catchment areas were
assumed to be grassed in fair condition with 50% to 75% cover. A maximum peak flow of 16 cfs
(Drainage Area A) was produced from the cover system catchment areas. The TR-55 model uses
sheet flow for lengths of less than 300 feet and shallow concentrated flow for drainage lengths
greater than 300 feet. The drainage catchment areas and the ditch design calculations are
detailed in Appendix E. The ditches are labeled on Figure 36 and are denoted as Ditch A, Ditch

B-1, etc.

Flow velocities in the two (2) channels (Ditches A and B) weré determined using Manning’s
equation for open channel flow. Ditch A flows at a slope of 2.2% while Ditch B flows at slopes
of 1%, 7.5% (Section B-1) and 4.8% (Section B-2 including Culvert B). Flow velocities in Ditch
A and in the 1% slope section of Ditch B will be less than 5 f/sec and therefore grass is
sufficient for surface erosion control. However, the portion of the ditch with slopes of 7.5%
(Section B-1) and 4.8% (Section B-2 including Culvert B) will require either rip-rap or a
reinforced erosion control mat for surface erosion control as flow velocities will be 6.2 and 5.3
fusec, respectively. Flow quantities from melting snowfall were estimated and compared to the

design flows for the ditches. The ditches were designed with a trapezoidal cross section with
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3H:1V side slopes, 1.5 feet deep and 2 feet wide at the bottom draining at a minimum slope of

1%. A typical detail of the drainage ditches is shown on Figure 33.

Proper vegetation of cover systems is essential for proper cover performance, erosion control and

long-term maintenance. The objective of the vegetative cover for the Site is as follows:

J To stabilize the Soils;
O To provide a low maintenance, long-term plant commuriity;
Q To provide a structurally diverse grassland habitat for birds and other wildlife; and

O To use native plant species whose seeds are available commercially.

The vegetative cover will be planted with a mix of native warm and cool season grasses. The

following seeding rates per acre will be used:

Big Bluestem (andropogon gerardi) 4lbs/acre
Little Bluestem (schizacrium scorparium) 6 lbs/acre
Switchgrass (panicum virgatum) 2 tbhs/acre
Indiangrass (sorghastrum nutans) 6 Ibs/acre
Canada Wild Rye (elymus candensis) 10 1bs/acre
Partridge Pea (cassia fasciculata) 2 lbs/acre
Annual Rye Grass (lofium multiflorum) 25 lbsfacre.

The above seeding rates are acceptable for planting in the early spring, late summer or fall.
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8.0 DESIGN OF IRON PRB SYSTEM

8.1  Full Scale Iron PRB Geometry

The proposed location of the PRB is shown in plan on Figure 37 and in profile on Figure 38.
The PRB is proposed to extend for a length of 1,165 ft in plan from a depth of approximately 15
ft down to 42 ft below ground surface and keyed into the underlying aquitard covering an area of
approximately 24,000 f. The PRB is orientated approximately perpendicular to the
groundwater flow direction, as indicated from the groundwater potentiometric levels shown on
Figure 13. The groundwater VOC concentrations for TCE and PCE along the PRB cross section
are detailed on Figure 38. VOC concentration contour maps for TCE, PCE, and 1,1-DCE are

shown on Figures 14, 15 and 16, respectively.

8.2 PRB Groundwater Residence Time

The VOC degradation performance of a PRB is dependent on the residence time of the
contaminated groundwater within the iron fillings. The PRB is designed to be more permeable
that the site soils, to ensure the permeable barrier does not impede the groundwater flow, and
also to have a high PRB porosity to maximize the groundwater residence time within the iron. In
order to select the final iron size gradation suitable for the Site, it is essential to have Site
specific soil gradation data to design the PRB. Modified filter pack design criteria are used to
confirm that the selected iron filings matertal and native soils do not commingle. due to the

groundwater flow velocity.

The velocity of groundwater in a highly permeable reactive barrier can be quantified from the
natural hydraulic gradient of the Site, hydraulic cbnductivity of the soils, and the porosity of the

PRB as shown in the following equation:

Vors = Ksoil i (5)

Npgra

where Vegg is the groundwater flow velocity through the PRB, K,,; is the hydraulic conductivity
of the soils. i is the natural horizontal hydraulic gradient of the Site and npgg is the porosity of the

PRB.
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The actual residence time of the contaminated groundwater with the iron filings is calculated
from the groundwater velocity in the PRB, the PRB thickness and the volume percent of iron

filings comprising the reactive barrier material as shown in the following equation:

tion =  Tera- L (6)

where t,, is the residence time of the groundwater in contact with the iron filings, Tegp the

thickness of the PRB, and I, is the voluime percent of iron filings in the PRB.

The required residence time, and hence PRB thickness and required iron filings depend on the
extent of contaminant degradation required. This residence time depends on the influent
contaminant concentration, degradation half life and pathway, daughter product generation and

degradation and the design effluent contaminant concentration.

8.3 Design Approach

The iron filings size gradation used for construction of the PRB needs to be selected to ensure
the native soils do not enter the reactive barrier material and likewise the iron filings are not
flushed out of the PRB into the native soil. Modified filter pack design criteria are used to
confirm that the selected iron filings material and native soils do not commingle due to the

groundwater flow velocity.

The design of the iron reactive material requires optimizing the hydraulic conductivity of the iron
filings to be greater than the native soils, and also ensure a high PRB porosity without violating
the filter pack design criteria. Thus by optimizing the iron reactive mixture, the greatest
residence time can be achieved resulting in the use of less iron which lowers the cost of the PRB.
4 K
The input parameters, site soil hydraulic conductivity, iron porosity and site hydraulic gradients
determine the groundwater flow velocity within the barrier. The iron column test quantifies the
degradation half lives of the contaminants in the presence of the iron, and addresses potential
impact of any precipitation or clogging of the iron. The influent contaminant concentration and

the target effluent contaminant concentration (the design criteria), enable quantification of the

AR301175



April 2001 -33- 996-1100

minimum residence time and hence barrier thickness to achieve the required target effluent

concentrations.

Deterministic design procedures, whilst adequate for feasibility evaluation design, are not
sufficient for final iron permeable reactive barrier design because factors of safety from past
practices are not available for such systems. Probabilistic methods, on the other hand, can
accommodate variability in parameter data and are ideally suited for system design such as an
iron permeable reactive barrier. The probabilistic method enables quantification of the degree of
confidence that contaminant effluent concentrations are not exceeded. Probabilistic analyses
quantify the impact of parameter variability on overall system performance and thus rank the

parameter by sensitivity.

PRBs are designed for effluent concentrations that in combination with natural attenuation (NA)
(biodegradation, dispersion, absorption, etc.) would meet target concentrations at a determined
Site Compliance Point (SCP). This proposed design methodology (Hocking et. al.,, 2001a) is
shown on Figure 39 and has been utilized at a number of sites, including Superfund sites, for
PRB design. At this Site the PRB and Cap System is deemed sufficient as the means to reduce
VOCs to below MCLs immediately downgradient of the PRB. An overview of the probabilistic
design methodology was given on Figure 9. Probabilistic distributions are assigned to all of the
systern's parameters based on their expected vartability. Not only are site data; such as hydraulic
conductivity and hydraulic gradient, system parameters, but so are installed barmmier thickness and
porosity. The probabilistic analysis quantifies the impact of each respective system parameter on
system performance; that is, a sensitivity analysis, which ranks the parameter from the most to

the least sensitive.

A multi-species first order VOC degradation model coupled with the probabilistic model was
used to determine effluent concentrations emanating from the PRB. A one dimensional (1D} fate
and transpor} deterministic model was used for determining degradation rates of the remnant
plume of TCE (worst case) downgradient from the PRB as treated effluent groundwater with
VOCs concentration levels less than MCLs emanates from the PRB and flushes the downgradient

formation soiis.
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8.4 Prediction of Iron PRB Performance

8.4.1 PRB Design Cases Analyzed

The iron reactive barrier system performance was evaluated based on the ability of the system to
reduce VOC groundwater concentrations to less than their MCL levels. Four (4) critical design
cases were evaluated in the PRB design for four sections of the PRB alignment as shown on
Figures 40 and 41. The four design cases arise due to the differences in estimated groundwater
flow hydraulic gradients and the concentration levels of VOC contamination (mainly TCE, PCE,
and 1,1-DCE) present. Probabilistic distributions for prime design input parameters (formation
hydrautic conductivity, groundwater flow gradient, and TCE, PCE and 1,1-DCE concentrations)
are shown on Figures 40 and 41 for the four design cases analyzed. Probabilistic distributions
for other design input parameters (VOCs degradation half lives, other VOC concentrations, PRB
iron porosity and iron PRB effective thickness) are included in Appendix F for the Design Cases
[, II, I and IV. An additional analysis was completed for Design Case III without the Cap
System (utilizing groundwater flow gradients for the existing conditions, see Section 7.4.5 and
Figure 30). The sections below describe in more detail each design case and expected PRB

performance.

Design Case I: This design case is for the segment of the PRB (high groundwater flow gradient
and medium to low VOC concentrations) located immediately upgradient from the head waters
of Scates Branch for a length of 200 ft along the PRB alignment, where the PRB is located close
to where the groundwater discharges into the Scates Branch. This design case requires a 4.5-in
average iron-effective-thickness PRB installed in soils with a hydraulic conductivity (K) ranging
from 3 x 10™ to 3 x 107 cm/sec with a geometric mean of 1 x10” cmy/sec, a groundwater flow
gradient (i) ranging from 0.011 to C.025 fv/ft with a mean of 0.016 ft/ft, influent VOC
concentrations for PCE ranging from 1,145 to 1,840 ug/t with a mean of 1,530 ug/l, for TCE
ranging from 100 to 2,875 pg/l with a mean of 1,055 pg/l, for 1,1,1-TCA ranging from 35 to 350
pg/l with a mean of 200 ug/! and for 1,1-DCE ranging from 35 to 1,035 pg/l with a mean of 355
ug/l. The PRB VOC effluent concentrations along this section of the PRB are predicted to be less

than their respective MCLs.

Design Case II: This design case is for the segment of the PRB (low groundwater flow gradients
and medium to high VOC concentrations) located downgradient from the existing sewage

lagoons along the property line extending for a length of 350 ft along the PRB alignment. This
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design case requires a 3-in average iron-effective-thickness PRB installed in soils with a
hydraulic conductivity (K) ranging from 3 x 10 to 3 x 10~ cmy/sec with a geometric mean of 1
x10” co/sec, a groundwater flow gradient (i) ranging from 0.0017 to 0.016 fuft with a mean of
0.0062 ft/ft, influent concentrations for PCE ranging from 1,275 to 5,030 pg/l with a mean of
3.120 ug/l, for TCE ranging from 2,125 to 41,975 pg/l with a mean of 22,110 pg/, for 1,1,1-
TCA ranging from 400 to 1,600 pg/l with a mean of 1,000 pug/l and for 1,1-DCE ranging from
765 to 4,945 ug/t with a mean of 3,325 pg/l. The PRB VOC effluent concentrations along this
section of the PRB are predicted to be less than their respective MCLs.

Design Case I1I: This design case is for the segment of the PRB (medium groundwater flow
gradients and high VOC concentrations) located downgradient from the large existing sewage
lagoon along the property line extending for a length of 300 ft along the PRB alignment. This
design case requires a 4.5-in average iron-effective-thickness PRB installed in soils with a
hydraulic conductivity (K) ranging from 3 x 10 to 3 x 10 crv/sec with a geometric mean of 1
x10” cm/sec, a groundwater flow gradient (i) ranging from 0.0051 to 0.015 ft/ft with a mean of
0.011 fv/ft, influent concentrations for PCE ranging from 1,485 to 5465 pg/l with a mean of
4,270 ug/l, for TCE ranging from 10,625 to 46,575 ug/l with a mean of 35,000 pg/, for 1.1.1-
TCA ranging from 400 to 1,600 pg/l with a mean of 1,000 ug/l and for 1,1-DCE ranging from
700 to 4,140 pg/l with a mean of 2,780 ug/l. The PRB VOC effluent concentrations along this

section of the PRB are predicted to be less than their respective MCLs.

Design Case IV: This design case is for the segment of the PRB (medium groundwater flow
gradient and medium to low VOC concentrations) located upgradient from the head waters of
South Fork Scates Branch for a length of 315 ft along the PRB alignment. This design case
requires a 3.5-in average iron-effective-thickness PRB installed in soils with a hydraulic
conductivity (K) ranging from 3 x 10" to 3 x10”® cm/sec with a geometric mean of | x10”
cm/sec, a groundwater flow gradient (i) ranging from 0.0043 to 0.015 f/ft with a mean of 0.0093
ft/ft, influent VOC concentrations for PCE rangin?; from 425 to 2,015 pg/l with a mean of 1,300
pg/l, for TCE ranging from 975 to 14,375 ug/l with a mean of 6,145 pg/l, for 1,1,1-TCA ranging
from 50 to 200 pg/l with a mean of 125 pg/l and for 1,1-DCE ranging from 380 to 950 g/l with
a mean of 640 pg/l. The PRB VOC effluent concentrations along this section of the PRB are

predicted to be less than their respective MCLs.
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8.4.2 PRB Design Performance Forecast

Forecasts of groundwater effluent VOC concentrations for Design Cases I, 11, III and IV are
presented on Figures 42, 43, 44 and 45 respectively. The probabilistic design output data are
presented as frequency charts for select VOCs (PCE, TCE, ¢DCE, 1,1-DCE and VC) and as 85
percentiles for all VOCs encountered in the groundwater or VOC daughter products generated by
the PRB. The results of the probabilistic analysis performed for Design Cases [, II, IIl and IV
indicate that a 3 to 4.5-in average iron-effective-thickness PRB (depending on design case) is

required to bring VOCs encountered in the Site groundwater to less than their respective MCLs.

For determining degradation rates of the remnant plume of TCE (worst case) downgradient from
the PRB, a one dimensional {1D) fate and transport transient model was used for the analysis.
The model was calibrated to TCE concentrations in monitoring wells MW33 and MW26 as
shown on Figure 46. Plume degradation profiles for TCE were calculated at 0.5, 1. 2 and 5 years
after the PRB and the Cap System are installed. The results, shown on Figure 46 and in
Appendix F-2, indicate that concentrations of TCE and other VOCs encountered in the
groundwater will be quickly reduced immediately downgradient of the PRB, and the remnant
plume downgradient of the PRB will slowly recede depending on groundwater flow velocities

and soil desorption rates.

8.5 Proposed Iron Manufacturer Type and Gradation

The proposed iron filings to be used in the construction of the PRB are Connelly type CC-1022,
which has typical mineralogy, grain size distribution, specific gravity and permeability as given
in Appendix A. This iron grade is typically classified as a -18/+84 mesh size. CC-1022 has a
hydraulic conductivity of approximately | x 10" cm/sec as detailed from permeability tests
contained in Appendix A-2. The mineralogy of the iron is typically as detailed in Appendix A-7.
Golder has been using this iron type successfully in azimuth controlled vertical hydraulic fracture
installed PRBs over the past two (2) years and this iron type could also be used for 2 PRB

constructed by either the slurry wall or continuous trencher installation methods.

An iron soil filter analysis is conducted to ensure the iron and soil particles do not commingle,
i.e. either the soil particles do not invade the iron and thus reduce the iron PRB porosity and
permeability or the iron particles do not migrate into the Site soils. The iron soil filter analysis

involves comparing the grain size gradation coefficients (D5 and Dgs) with the following criteria
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as detailed in equation (7) for particle commingling and in equation (8) for permeability contrast,

Cedergren (1985).

D s{iron)<5Dys(soil)
€))
D, s(soil)<5Dys(iron)

If the following criteria is satisfied as detailed in equation (8), then from grain size data the iron

PRB will have greater permeability than the neighboring formation soils.

D s(iron)>5D, s(soil)
(8)

The Connelly CC-1022 iron filings satisfied the above criteria, and the Site soils satisfied the
first criterion for particle commingling. Therefore the Connelly CC-1022 iron filing was

considered suitable for the construction of the iron PRB as regards iron soil filter requirements.

8.6 Groundwater Well Sand Pack Screen Analysis

The sand pack to be used in the construction of the PRB groundwater monitoring/pulse test welis
needs to satisfy both the sand pack Site soil filter analysis to avoid Site soil migrating into and
clogging the sand pack but also the sand pack gradation needs to be compatible with the well
screen to avoid clogging of the screen and migration of fines into the wellbore. The sand pack
filter analysis involves satisfying both of the following criteria, equation (9) for the Site soils

filter criteria and equation (10) for the slotted well screen, Cedergren (1985).
The sand pack filter criteria for the Site soils are:
Du(sand) <5 ng(SOil)
(9

D,;(sand) >3 D[s(SOil)

and the sand pack gradation criterion for the slotted well screen is:
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Dss{sand) > 1.2 Slot Width (10}
A typical 20/40 gradation sand pack will satisfy the above criteria, however the size gradation

tolerances of the sand pack must be detailed in the specifications to ensure all above criteria are

met.
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9.0 PROPOSED PRB INSTALLATION METHOD

9.1 Background

In situ passive iron reactive permeable barriers have been placed at a number of sites, dating back
to the first constructed at CFB Borden in 1991 by the University of Waterloo. The early iron
reactive barriers had been designed on the funnel and gate concept, Starr and Cherry (1994).
Recently continuous permeabie barriers have been instalied by continuous trenching and azimuth
controlled vertical hydrofracturing. The continuous permeable barriers do not modify the natural

groundwater flow whereas funnel and gate systems impact the natural groundwater flow.

Iron reactive barriers have significant advantages over conventional technologies for remediation
of chlorinated solvent contaminated groundwater, with the prime advantage being that the system
is passive. It is a simple process that has been proven both in the laboratory and the field. Site
characterization and laboratory bench scale studies are sufficient to design and construct an iron
reactive barrier. The number of iron reactive barriers installed to date is detailed in Table 1. The
first reactive barrier was constructed in 1991 as a field trial, followed by two in early '95, and
during the past five years a number of full scale and pilot systems have been installed. The rapid
increase in the number of iron PRBs installed reflects the increasing maturity and acceptance of

the zero valent iron technology.

9.2 Zero Valent Iron

Zero valent metals have been known 1o abiotic degrade certain compounds; such as, pesticides as
described by Sweeny and Fisher (1972), and halogenated compounds such as TCE,
tetrachloroethene (PCE), viny! chloride (VC) and isomers of dichloroethene (DCE) as detailed in
Gillham and O'Hannesin (1994). In the case of zero valent iron, a first order reduction process
can approximate the abiotic degradation of halogenated aliphatics. The compounds are
progressively degraded and ev€ntually broken down into ethanes and ethenes, as described by
Orth and Giilham (1996) and shown as reactive dehalogenation pathways on Figure 7. In the
presence of iron, the chlorinated compound, TCE, is predominantly degraded through the
chloroacetylene pathway with only a minor generation of daughter product c-DCE. Therefore
the reductive process in the presence of iron generates significantly less daughter products than
those generated due to natural degradation. In column experiments, the mol fraction of TCE
degraded into chlorinated daughter products such as ¢-DCE and VC is typically less than 5 -
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10%, Gillham and O’Hannesin (1994). Five (5) year performance data of the Borden iron
reactive barrier indicated no decline in degradation performance over time, minimal
precipitation, and expectations that the reactive barrier will continue performing satisfactory for

at least another five years, Gillham and O’Hannesin (1998).

9.3 Emplacement Methods

The placement of iron filings in the subsurface for passive in situ treatment of contaminated
groundwater was first discussed by Gillham (1993). The mode of placing the iron filings has
been by conventional technologies such as shoring and excavation, and trenching and recently
during the past five (5) years by azimuth controlled vertical hydrofracturing. Seven alternate
emplacement techniques were considered for the construction of the reactive barrier at the Site
including a) slurry wall, b) continuous trenching, ¢) braced excavation, d) jet grouting, e)

hydrofracturing technology, f) driven/vibrated beam and g) deep soil mixing.

The criteria utilized in selection of the most appropriate emplacement technology at the Site are:
1) minimai change to the natural groundwater flow regimes, 2) proven technology {maturity of
the technology and previous installation of iron reactive systems), 3) minimal impact on the iron
reactivity and permeability, 4) minimal excavation and disturbance (aerial extent of the impact,

noise, volumes of excavated materials, etc.), and finally 5) cost.

A funnel and gate system involves the installation of an impermeable funnel by sheet piling, or
slurry wall techniques and a permeable gate constructed by braced excavation. The funnels are
generally keyed into impermeable strata to avoid contaminated groundwater flowing beneath the
system. Such a reactive wall significantly impacts the natural groundwater flow regime and
requires excavation to full depth of the system; therefore, this system was not considered a viable
option.
Fd v

A continuous permeable reactive barrier was selected as an optimum system since such a system
has minimal impact on the natural groundwater flow regime. Hubble, Gillham and Cherry
{1997} have completed an extensive review of emplacement technologies for permeable reactive
barrier systems at similar depths to those encountered at the Site. This review assessed the
maturity and applicability of the emplacement methods to construct a permeable reactive wall

and finally determined cost comparisons for construction by each method. Of the seven
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emplacement methods considered; jet grouting, driven/vibration beams and deep soil mixing
were removed from further consideration because all of these installation methods are not mature
methods for the construction of an iron PRB. The braced excavation method was also not

considered further due to its significant cost and site wide excavation and dewatering impacts.

The emplacement methods left for consideration are vertical biopolymer slurry wall, continuous

trenching and azimuth controlled vertical hydrofracturing technology installation methods.

9.3.1 Slurry (Biodegradable-BioPolymer) Wall

Installation of a treatment zone of iron using biodegradable slurry is similar to constructing a
conventional impermeable siurry wall. The biodegradable slurry used is typically guar based.
As the trench is excavated, biodegradable slurry provides stability to the trench walls. Granular
iron can then be placed into the trench through the slurry. After some time, the biodegradable
slurry breaks down (i.e. become less viscous) allowing groundwater to flow through the iron
treatment zone. The PRB is constructed in segments (alternate panel construction) to prevent

iron filings placed in the neighboring segment from flowing into the current excavated segment.

Two full-scale and one pilot-scale systems application have been constructed in 1999 and in
2000, there have been three full-scale installations. These systems have included two continuous
iron reactive barriers, one in New Hampshire and the other in Missouri. The continuous iron

PRB installed in New Hampshire was more than 800 ft in length.
Some construction issues associated with this installation method include:

O Large quantities of potentially contaminated waste must be transported and disposed
of and would be in a slurry consistency (even if waste is characterized as non-
hazardous it may require stabilization before disposal),

p

U The clean soil above the water table is cross contaminated with the sotls below the

water table;

Q Large quantities of hydrated gel need to be disposed of properly and could be
contaminated;

O With over 20’ of hydraulic head of bio-slurry gel on the soils below the water table,
horizontal migration of gel with no enzyme can occur;
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( The width of the trench ~2.5' will require blending of sand with the iron aggregate;

Q The width of the trench along with the depth to the sand-iron mixture, approximately
20", will dictate a higher level of safety for personnel performing job related tasks (i.e.
placement of iron, placement of enzyme recirculation wells, sounding the height of the
sand-iron mix);

Q The production rate of PRB installation is relatively slow, estimated at 33 feet per day
based on contractors experience instailing PRBs using alternate panel construction
technologies;

O With all slurry wall excavations, the repeated entry into the slurry to continue the
excavation depth with a backhoe bucket or clam shell progressively blends fines; i.e.
siltys and clay, into the slurry which combined with the hydraulic head of the slurry
may deposit a low permeability filter cake on the walls of the excavation. The long
term effect of this may decrease the permeability of the installed PRB and could cause
local damming; and

O The continuous trucking of waste hauling, excavator movement and iron placement
activities requires a high level of health and safety oversight in order to maintain a safe
working environment.

93.2 Continuous Trenching

Continuous trenching machines have been used for several years to install horizontal
groundwater collection drains and impermeable barriers. These machines allow simultaneous
excavation and backfilling without an open trench. Excavation is performed by a cutting chain
immediately in front of a trench-box (boot), which extends the width and depth of the finished
treatment zone. Both the cutting chain and boot are attached to the trenching machine. As the
trencher moves forward, iron is added to the boot creating a continucus treatment zone.
Trenchers are available to install treatment zones from 1 to 2 ft in width to depths of 25 ft.

Excavating a bench on which to operate the trencher may extend the total depth.
Continuous trenching was first used to install a PRB in 1996 at a site in Elizabeth City, North
Carolina. About 450 tons of ifon was placed in a trench 150 ft long and 24 ft deep. Since then,

trenchers have been used for PRBs at sites in South Carolina, Oregon, Vermont, New York and

Louisiana.

Sorne construction issues regarding this instalfation method:
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QO Wider bench bottom should be considered because two paraliel excavations may be
required for the following scenarios: 1) the required loading may be lower than the
design due to soil rebound, 2) feed problems or 3) restart of trenching operations
after prolonged shutdown of excavation process;

Q) The presence of running or loose sands and siits below the water table can result in
low iron feed to these horizons making the PRB deficient in thickness in these loose
sediments;

(J For a high water table condition, benching may not be sufficient to allow for the
continuous trencher to install the PRB down to its full depth (i.e. down to the
aquitard unit); :

Q If iron density is higher than design take in excavation, then sand would have to be
blended requiring equipment and graded sand to be on site during construction; and

0 The production rate of a continuous trencher from cost estimates is from 140 to 210
a linear ft/day. If any supply or delivery problems occur standby time for the
trencher contractor would occur. Contingencies such as extra blending equipment,
trucks, crane, etc. must be considered against the stand-by costs.

9.3.3 Hydrofracturing Technology

Hydrofracturing technology has been used for other applications primarily in petroleum recovery
for installing sand and sintered bauxite proppants into the subsurface and in environmental
applications for enhancing permeability for soil vapor extraction systems. Azimuth controlled
vertical hydrofracturing has been used to construct full-scale PRBs from moderate (~50) to-
significant depth (>120%, Hocking et. al. (1998 a & b and 2001b). Using the hydrofracturing
technology, the PRB is constructed from a series of conventionally drilled boreholes along the
PRB alignment with a specialized frac casing grouted into the boreholes. The PRB is
constructed by injection of the iron filings into these frac casings with real time quality assurance
monitoring of the injections to quantify the PRB geometry and iron loading densities. The
hydrofracturing technology can place PRBs up to 8 inches thick (Hocking et al, 2000). For
thicker PRBs, multiple parallel PRBs are required to be installed.

4

Some construction issues regarding this installation method:

L Proven technology with demonstrated effectiveness of placement of iron PRBs in similar
geology and depth;

O Generally, not cost effective for shallow PRBs, i.e. < 30" depth;
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Q High standard of quality assurance and verification testes for assurance on constructed
barrier geometry, continuity, iron loading and minimal impact on natural groundwater
flow regimes;

Minimal excavation and site disturbance; and

Low personnel and property risk exposure.

9.4  Selected Emplacement Method Technology

The method considered most suitable, considering the PRB depth, PRB thickness and cost to
install is the azimuth controiled vertical hydraulic fracturing technology. This technology has

installed iron PRBs in similar geology and depths.

A detailed cost analysis on the preferred installation method for the iron PRB at the Site is
summarized in Table 14. The method is capable of installing an iron PRB from 3" to 8" thick.
Estimated costs for this method for construction of the PRB at this Site are significantly less than
that of a continuous trencher or biopolymer trench. The selected method has no excavated waste,
no excavation and of all the methods has the least disturbance and least impact to the Site

groundwater flow regimes and the overall Site in general.

9.5 HydroFrac PRB Design

95.1 OQverview of the Installation Method

The azimuth controlled vertical hydraulic fracturing placed iron PRB is constructed from
conventionally drilled wells installed along the barrier alignment as shown diagrammatically on
Figure 47. A controlled vertical fracture is initiated at the required azimuth orientation and depth
in each well inside of a specialized frac casing utilizing downhole frac initiation tools. The iron
filings are blended and injected in the form of a highly viscous degradable food grade quality gel,
hydroxypropylguar (HPG). Multiple well heads are injected with the iron-gel mixture to form a
continuous PRB. The gel biodegrades into water and sugars by the use of a suitable enzyme. and
leaves in situ a permeable iron reactive treatment zone. The hydraulic fracturing technology ts

capable of installing iron permeable barriers from 37 to 9” in thickness.
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Azimuth controlled vertical hydrofractuning technology, (Hocking, 1996, Hocking and Wells,
1997 and Hocking et. al. 1998a and b), consists of an injection delivery system comprising three
prime components; 1) the fracture initiation device, 2) the controlled pumping equipment and 3)
the real time monitoring and inverse algorithms for determining fracture geometry. The fracture
initiation device is used to control the fracture orientation and is comprised of a suite of tools and
fracture well casings. The selection of the initiation device is dependent on the geological
formation, depth and the fracturing fluid required for the particular application. The hydraulic
fracturing injection system consists of a mixing/blending and pumping system, which is specially
designed to achieve a precise control of fracture fluid pressures and flow rates. The real time
monitoring system provides feed back response to ensure the fractures are propagating and

constructed as planned.

Field experiments have demonstrated that a) the vertical fractures can be placed at the required
azimuth or bearing, b) continuous coalesced fractures are formed by the simultaneous injection
of multiple fracture weil heads, and ¢) fracture thickness can be controlled by a process of tip
screen out or multiple fracture initiations. The technology. see Figure 47, involves installing
injection wells along the PRB alignment, initiating the fracture at the correct orientation at depth
and creating a continuous barrier by controiled injection of multiple well heads. To date the
technique has been demonstrated to work in a range of soil and stress conditions, from loose

cohesionless sands, to partly cemented dense sands, gravel, clay and silts.

The iron filings are transported to the site in either 55 gallon sealed numbered drums or 3,000 Ib
sealed numbered bags. Pre-shipment quality assurance tests on the iron are required to be
completed and must be within specification prior to shipment. In the case of the iron filings in
55 gallon drums, the iron is discharged into the,mixihg and blending tapk by a remote drum
handler attached to an all terrain forklift. In the case of the iron filings being in 3,000 ib bags,
the iron filings are pre-loaded into 3,000 Ib capacity hoppers for discharge into the mixing and

blending equipment. .

The HPG is pre-mixed in a 3,000 gallon mixing tank utilizing a venturi blender and fed along
with the iron filings into a 500 galion mixing/blending tank. The iron and HPG are mechanically
agitated to ensure the iron filings remain suspended and the mixture is then fed to the

hydrofracturing pump and cross-linked in line on the pressure side of the pump. The pumping
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system is specially designed to achieve a precise control of fracture fluid pressures and flow

rates.

The PRB installation is moenitored in real time to ensure mixture consistency, determine volume
and weights of iron injected, and to determine the geometrical extent of the barrier thus ensuring
it is constructed as designed. A general layout of the monitoring system used during construction
of a PRB is shown on Figure 48. The real time monitoring of the PRB geometry involves active
resistivity instrumentation equipment and specialized software, as shown on Figure 49. During
injection, the iron-gel mixture is electrically energized with a low voltage 100 Hz signal.
Downhole and/or surface resistivity receivers are monitored to record the in phase induced
voltage by the propagating fracture. From monitoring the fracture fluid induced voltages and
utilizing an incremental inverse integral model, the fracture fluid geometry can be quantified and

displayed during the installation process.

High precision hydraulic pulse interference tests are utilized to demonstrate the minimal impact
of the PRB on the site hydrogeology. Hydraulic pulse interference tests, Johnson et. al. (1966)
and Kamal (1983), involve a cyclic injection of fluid into the source weli, and by high precision
measurement of the pressure pulse in a neighboring well, detailed hydraulic characterization
between wells can be made. see Figure 50. The pulse interference test is highly sensitive to
hydrogeological properties between the wells, and relatively insensitive to conditions outside of
the wells. The hydraulic pulse interference tests are relatively short duration tests of
approximately two (2) minutes maximum and involves the injection typically of less than ten
(10) gallons of potable water. The test is a truly hydraulic transient test and can determine site
hydrogeological properties, such as transmissivity and storativity, from generated “type-curves”.
Pulse interference tests are proposed to be conducted from new and existing pulse
test/groundwater monitoring wells prior to PRB installation and after PRB installation.
Comparison of before and after pulse interference data will confirm the minimal impact the PRB

has on the site hydrogeology and thus the minimal impact on groundwater flow regimes.

Golder implements strict quality control procedures during construction of the PRB to provide
the necessary assurance that the reactive barrier system’s design performance requirements are
achieved. Golder's construction guality control procedures and acceptance criteria concentrate

on the following:
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U In-line and batch consistency tests of the iron reactive mixture;
U Thickness and injected quantities of reactive iron;
J Geometry of the iron PRB monitored (active resistivity) during injection; and

Q@ Quantification of hydraulic impact of the PRB from hydraulic pulse tests.

9.5.2 HydroFrac PRB Design Issues

The design of the iron PRB involves analyses to ensure the system can be constructed as planned
and to detail those system requirements and material parameters necessary for PRB construction
by the azimuth controlled vertical hydraulic fracturing technology. The analyses presented in

this section are as follows:
L) Crosslinked gel rheological and iron settling analysis to determine settling rate of the
iron proppant in the crossiinked gel,
() Determination of in situ stress state with depth at the Site;
Determination of the Site formation soil moduli with depth;

O Crosslinked gel leak off analysis simulating propagation of the hydraulic fractures in the
Site sails;

O Iron proppant transport analysis to determine iron transport distances in the hydraulic
fracture; and,

O Hydraulic fracture design analysis to simulate and to determine hydraulic fracture
geometrical propagation, fracture thickness, and fracture propagation injection pressures
and flow rates.

The above analyses and simulations are described in detail in the following sections. These

analyses utilized data described earlier in the previous Section 6.0 and contained in Appendix A.

9.5.3 Crosslinked Gel Rheology and Iron Settling Analysis
The crosslinked HPG gel rheological properties were determined by a rotating cylinder

viscometer as shown in Appendix A-6 (see Figure | and associated test results in Appendix A-0).

The viscosity of the crosslinked gel is significantly greater than that for the uncrosslinked gel,

AR301190



April 2001 - 68 - 996-1100

and exhibits a non-Newtonian behavior which can be represented by a non-linear power law

model as given by equation (11), Gidley et al (1989).
p=Ky"' (1

where W is the viscosity, K and n are power law constants and ¥ is the shear rate. The best fit

power law constants for the crosslinked gel are detailed on Figure | in Appendix A-6. The
crosslinked gel viscosity model is utilized to determined iron transport properties within the

hydraulic fracture and fracture propagation injection pressures.

The hydrofracturing installation method can place the iron filings in situ without mixing with the
native soils. However, the iron filings size gradation needs to be selected to ensure the native
soils do not enter the reactive barrier material and likewise the iron filings are not flushed out of
the PRB into the native soil. Modified filter pack design criteria are used to coafirm that the
selected iron filings material and native soils do not commingle due to the groundwater flow

velocity.

The design of the iron reactive material requires optimizing the permeability of the iron filings to
be greater than the native soils, whenever possible, and also ensuring a high PRB porosity
without violating the iron soil filter design criteria. Thus by optimizing the iron reactive mixture,
the greatest residence time can be achieved resulting in the use of less iron which lowers the cost

of the PRB.

The Site formation soil grain size and hydraulic conductivity data were presented in Section 6.3
and summarized in Tables 11 and 12, respective!y'. Iron filings grain size, specific gravity and
hydraulic conductivity data are detailed in Appendix A-2. An iron soil filter analysis was
conducted as detailed in Section 8.5 to ensure the iron and soil particles do not commingle, i.e.
either the soil particles do not invade the iron and thus reduce the iron PRB porosity and

permeability or the iron particles do not migrate into the Site soils.

The Connelly CC-1022 iron filings satisfied the criteria detailed in equations (7) and (8), and the
Site soils satisfied the criterion, as given in equation (7), to avoid particle commingling of soil
particles entering the PRB. The Connelly CC-1022 iron filings was therefore considered suitable

AR301191

for the construction of the iron PRB as regards iron soil filter requirements.



April 2001 - 69 - 996-1 100

The grain size and specific gravity data for the iron filings, CC-1022, selected for construction of
the PRB, are contained in Appendix A-2. The iron settling rate in the crosslinked gel is given by
Stoke’s Law for simple settling in a non-Newtonian fluid as given by equation (12), Gidley et al

(1989).

nel %
gdp (pp-—pf)

v, =
18K (3)*

(12)

where v, is the settling velocity, g is the acceleration due to gravity, d, is the particle diameter for
a spherical particle, p, and pr are the proppant and gel fluid densities respectively and K and n
are the non linear power law viscosity constants. The calculated settling velocity of the iron
particles in the crosslinked HPG gel is less than 10 feet/sec and highlights that the iron filings

will remain completely suspended in the crosslinked gel prior to breaking of the gel.

9.5.4 In Situ Stress State Profile with Depth

The in situ stress state in the Site soils need to be estimated in order hydraulic fracture design
analyses can be conducted to determine optimal injection propagating pressures and flow rates.
The estimate of both vertical and horizontal stress state with depth was developed from SPT
blow count N values and from CPT data. First, the unit weight of the soils at various depths are
estimated from the SPT N values and CPT data. From the soil unit weights the profile of vertical
stress with depth can be easily determined. Pore water pressures were determined from CPT data

and monitoring wells screened in the upper and lower aquifers.

Estimation of the horizontal and vertical stress state requires a series of correlations and

corrections, as detailed in the followsng steps:
Q The CPT data are referenced to SPT N values by the correlation detailed in Robertson and
Campaneila (1983);

33 The SPT and CPT data, both referenced to SPT N values are corrected for overburden
effects, as detailed by Skempton (1986) for fine sands;
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L) The relative density of the Site soils were determined from the corrected N values as detailed
by Kulhawy and Mayne (1990);

O The vertical overburden stress profile was calculated from the relative densities of the Site
formation soils;

U The friction angle of the soils was calculated from the correlation with relative density as
described by Peck, Hanson and Thombum (1974); and,

O The Ko (Coefficient of horizontal stress at rest) was determined from the friction angle of the
formation soils, and the horizontal effective stress determined from Ko and the vertical
effective stress.

The estimated in situ stress state profile at the Site is shown on Figure 51 for the horizontal and
vertical effective stresses as determined from the available SPT and CPT data for borings and
direct push measurements in the vicinity of the PRB alignment. The horizontal effective stress at

40 ft depth is approximately 10 to 2 psi.

9.5.5 In Situ Soil Modulus with Depth

The in situ soil modulus is estimated from correlations between pressuremeter tests, which
provide a direct measurement of the horizontal modulus of cohensionless soils and corrected SPT
N values. The soil modulus measured directly by the pressuremeter is approximately equivalent
to the soil Young’s Modulus (E4). The estimation of soil Young’s rﬁodulus from corrected SPT

N values were determined from equation (13) as detailed in Ohya, Imai and Matsubara {1982).
Es=9.08 NS%P, (13)

Where N, is the corrected SPT N values and P, is atmospheric pressure in pounds per square foot

(psh).
The estimated in situ soil Young's shodulus with depth are shown on Figure 51 as determined

from available SPT and CPT data collected in the vicinity of the PRB alignment. In general, the

Site soils are of medium relative density and stiffness.
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9.5.6 Hydraulic Fracture Design Analysis

Hydraulic fracture design analyses have evolved from relatively simple models such as PKN
(Perkins-Kern-Nordgren) and GdK (Geertsma-de-Klerk), as detailed in Gidley et al (1989), to
three dimensional simulators incorporating poroelasticity continuum idealizations to discrete
element discontinuum models modeling individual discrete particles. The objectives of
conducting analyses by these models is to determine leak off of the fracturing fluid into the
formation, transport of the iron proppant in the fracture, determination of fracture geometrical
propagation for various fracture propagation injection pressures and flow rates. The simple
elastic continuum models based on PKN assumptions are not suitable for analysis of hydraulic
fracturing of unconsolidated sediments since the poroelastic effects and material behavior of the

formation soils is not adequately represented.

Hydraulic fracture simulations were conducted using a proprietary model for the determination
of fracture geometrical propagation, injection pressures and flow rates. Fracturing fluid leak off
and iron proppant transport are also quantified in the model. The impact of pore pressure
changes and dilatancy of the host formation soils during the fracturing process are essential
parameters to be represented to achieve a realistic sirnulation. Input into the hydraulic fracturing

model include:

Leak off test coefficients Cw and Spurt for the crosslinked HPG gel:

(W

In-situ total and effective vertical and horizontal stress states with depth in the vicinity of
the PRB alignment;

Stiffness of the host formation being fractured;
Viscosity of the crosslinked gel defined as a power law model;

Specific gravity of the iron filings and grain size distribution; and,

o 0 0o o

;
Specific gravity of the crosslinked gel without iron filings.

The horizontal effective stresses for the Site formation soils were estimated from SPT and CPT
data as described in Section 9.5.4 and shown as a depth profile on Figure 51. The viscosity of
the crosslinked gel was determined from tests conducted by a rotating cylinder viscometer as
described in Section 6.7 and detailed in Appendix A-6 (see Figure 1 and associated test results in

Appendix A-6). The rheological behavior of the crosslinked gel was idealized as a power law
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model as given by equation (11) and shown on Figure 1 in Appendix A-6. The leak off
coefficient of the crosslinked gel was determined at stress levels representative of in situ stress
conditions in a laboratory leak off apparatus, as described in Section 6.5 and illustrated along
with test results in Appendix A-3 (see Figure 1 and associated test results in Appendix A-3). The
stiffness of the Site formation soils were estimated from SPT and CPT data as detailed in Section

9.5.5 and shown on Figure 51.

The hydraulic fractures are initiated and propagated at the desired azimuth orientation as shown
on Figure 52. The frac casing initiates the fracture and by controlling injection pressures and
flow rates fracture azimuth is maintained. The fracturing fluid is water soluble in the
uncrosslinked state and requires mechanical agitation to maintain suspension of the iron filings.
In the crosslinked state the gel is insoluble in water and has sufficient viscosity to maintain
suspension of the iron filings throughout fracture propagation and closure, see Figure 52. The
iron filings are transported by the crossiinked gel to the extremities of the fracture as indicated on
Figure 52. The various phenomena, such as leak off, non-linear viscosity and iron transport are

computed throughout the simulations.

For the desired fracture propagation lengths and heights, the fracture injection pressures will be
typically less than 1S psi above the in situ total horizontal ground stress at the fracture
propagating tip. The injection pressures and flow rates for such fracture propagation will result
in minimal leak off in even the most permeable of the formation soil horizons, i.e. generally
unmeasurable in the field. Iron proppant will be transported to the full extents of the fracture
geometry, and in the crosslinked gel the iron filings can be transported significantly greater
distances, at least an order of magnitude greater, than the fracture propagated dimensions
considered for construction of the PRB. The crosslinked fracturing fluid has sufficient viscosity
and transport efficiency to create fully efficient fracture propagation dimensions contemplated in
the construction of the PRB. In order to achieve the required density of iron loading, multiple
fracturing initiations may be required at particular formation hoyizons; however, field data from
earlier field hydraulic fractures will provide more accurate assessment of the required fracture

injection pressures, flow rates and propagation dimensions.
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10.0 CAP SYSTEM CONSTRUCTION

10.1 Cap System

Prior to the start of the Cap System construction activities, the existing sewage lagoons on the
northeast of the property (see Figures 2 and 31) will need to be closed. The property owner,
Matiatuck Electronics Technology, Inc. (Mattatuck) is responsibie for closure of the lagoons. A
lagoon closure plan dated April 19, 2000 was prepared and submitted by Mattatuck to the
Virginia Department of Health, Water Division for review and approval. The proposed closure

plan was approved by VDEQ in a letter dated May 26, 2000.

The proposed Cap System Design has incorporated the proposed lagoon closure plan submitted
by Mattatuck and approved by VDEQ. Potential generation of gas from decomposilibn of the
sludge in the lagoon wili be vented out through the Cap System. A gas collection sand layer 12-
in thick, 10 ft wide will be placed immediately underneath the Geosynthetic Clay Liner (GCL)
along the crest (high point) of the Cap System. Two vent pipes instatled through the Cap System
and connected to a 3" diameter perforated gas collection pipe placed within the sand layer will

vent any gas entrapped undemeath the Cap System.

A 7-foot high soil surcharge will be placed over the large lagoon area after the lagoon has been
backfilled with compacted fill (Mattatuck’s Plan) and left in place for three (3) months. Two
temporary settlement plates will be installed over the top of the backfill material and underneath
the surcharge fill to monitor settlement and settlement rates for three (3) months. The settlement
and settlement rate data will be reviewed to verify expected long-term settlement is within the
expected limits. The surcharge will then be removed and the Cap System constructed. The
proposed surcharge program and revised change in Cap System grades (1 to 3%) will allow for
expected remaining settlement to occur after removal of the surcharge and still result in final Cap
System grades (vegetative cover and internal drainage system) greater than 1%.
P

There are six (6) existing monitoring wells, AR1, AR2 and AR3 associated with the monitoring
of the two existing sewage lagoons and site monitoring wells MW 10, MW 1 and MW21, that lie
in the proposed surface impermeable cap area. All of these existing wells will remain and the
Cap System will be constructed around them. These existing wells will be monitored solely for

potentiometric levels during each groundwater sampling event after Cap System construction.
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The Cap System is designed so that soil borrow materials for the vegetative covers are excavated
within the footprint of the Cap System area and, if necessary, from a borrow area adjacent to the
Cap System within the Site. The surface slope of the Cap System will be graded with a minimum
initial slope of 3% and a maximum of 3H:1V. The Cap System will consist from the top down of
24-in of vegetative cover, a geocomposite drainage layer and a geosynthetic ¢lay liner (GCL) low
permeability layer. Reinforced GCL will be used on the Cap System slopes (not including the
3H:1V surface water ditches side slopes) steeper than 10H:1V (10%) for cap stability.

Two main drainage ditches will be constructed to collect surface water runoff from the Cap
System for surface water management as shown on Figure 36. The ditches and the vegetative
cover will be grassed (seeded) using a mix as described in Section 7.5.3 and in the Technical
Specifications. The vegetative cover will be planted with a mix of native warm and cool season
grasses. The vegetative cover will stabilize the soils, brovide a low maintenance, long-term plant
community, provide a structurally diverse grassland habitat for birds and other wildlife, and will

use native plant species whose seeds are available commercially.

Rip-Rap will be used for surface erosion protection at the outfalls of the two (2} new culverts
discharging into the existing site drainage features, and erosion control matting will be placed
along Ditch B-2 as required from ditch design calculations. The areas where rip-rap and erosion

control matting are required are shown on Figure 36 and on the Construction Drawings.

- Corrugated metal pipe (CMP) will be used for the two (2) new culverts that will be installed as
part of the Cap System surface water management control structures. One culvert (Culvert A)
will consist of two (2) 18" diameter CMPs and the other culvert (Culvert B) will consist of one
(1) 24" diameter CMP to allow for design peak flows of 16 and 12 cfs, respectively. The

locations of the two new culverts are shown on Figure 36 and on the Construction Drawings.

Typical details and cross sections for the construction the Cap System and surface water
management controls (ditches, culverts, etc) are shown on Figures 33 and 34. A number of
monitoring wells exist within the footprint of the Cap System and the new PRB construction and
monitoring wells will also be constructed within the Cap System footprint. The Cap System
geosynthetics (GCL and geocomposite) will be properly installed around the wells to minimize

rainfall infiltration through the Cap System.
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10.2 Construction Sequence

The construction of the Cap System will require a specific construction sequence to be followed.
The construction sequence of the main activities for the Cap System construction is detailed

below:

o

Site Preparation

2. Site Layout/Surveying

3. Implementation of Erosion and Sediment Controi Measures

4. Construction of temporary surface water management control structures (i.e. ditches, etc)
5. Excavation of Soil Borrow Materials and Stockpiling

6. Cap System Internal Drainage Grading

7. Deployment of Geosynthetic Clay Liner (GCL)

8. Deployment of Geocomposite Drainage Layer

9. Placement of Vegetative Cover

10. Construction of Final Surface Water Management Ditches and Culverts

11. Grassing of Cap System Area, Ditches and Other Disturbed Areas (i.e. borrow areas)
12. Site Restoration

13. Construction Final Inspection, and

t4. Demobilization

10.3 Cap System Technical Specifications

Technical specifications were developed for the different construction elements of the Cap
System.  The Technical Specifications have been prepared to ensure the Cap System is
constructed in accordance with the intent of the design and the Construction Drawings. The
Technical Specifications for the Cap System are included with the Cap System Construction

Quality Assurance Plan in Appendix G-1.

10.4 Construction Quality Assurance Monitoring

Construction Quality Assurance (QA) procedures were developed for the construction of the

Cover System. The QA procedures were developed to ensure that the Cap System is installed in
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accordance with the Construction Drawings and Technical Specifications. The QA procedures

address as a minimum the following:

J Geosynthetic Clay Liner (GCL) meets materials specifications and is installed in
accordance with the Construction Drawings and Technical Specifications.

O Geocomposite Drainage Layer meets materials specifications and is installed in
accordance with the Construction Drawings and Technical Specifications.

U Vegetative Cover Layer meets material requirements and is placed to the grades in
accordance with the Construction Drawings and Technical Specifications.

O Protective vegetation and erosion control for Cap System, ditches and disturbed
ground meet material requirements and are placed in accordance with the Construction
Drawings and Technical Specifications.

Q0 Aggregate Materials for the Cap System Internal Drainage Collection Ditch meet
material requirements and are placed in accordance with the Construction Drawings
and Technical Specifications.

The QA procedures are included in the Cap System Construction Quality Assurance Plan

(CQAP) included in Appendix G-1.

10.5 Construction Quantities and Cost

The Cap System will cover an area of approximately four and one half (4-1/2) acres. The |
construction of the Cap System will require clearing and striping of approximately 5 acres, the
excavation and stockpiling of approximately 25,000 yd® of soils within the Cap System footprint
and if necessary from a borrow area within the Site adjacent to the Cap System, deployment of
approximately 200,000 ft* of GCL and 200,000 ft* of geocomposite drainage layer, placement of
approximately 400 tons of No. 57 drainage stone along the Cap System internal drain ditches,
placement of approximately 20,000 yd® soils for the vegetative cover, installation of two (2) 18"
diameter CMP culvert approximately 30 ft (60 ft total) long and one (1) 24" diameter CMP
culvert approximately 40 ft long, placement of approximately ten (10) tons of 6" to 12" size rip-
rap and 15,000 ft* of erosion control matting for ditch surface erosion control, approximately
2,000 linear feet of ditches for the Cap System internal drain and surface water management,
seeding and mulching of approximately 5 acres, and installation of approximately 1,000 ft of 6’

high chain link fence around the footprint of the Cap System Easement/Property Line.
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The estimated cost for the 4-1/2-acre Cap System is $0.52M. Of this, $0.20M is for earthwork,
$0.26M is for geosynthetics, $0.03M is for drainage ditches and culverts, $0.01M is for seeding
and mulching, rip-tap and erosion control matting and $0.05M is for construction QA/QC and
Project Management. A summary breakdown of the different costs by labor, unit pricing and

expenses is provided in Table 14 for the Cap System and PRB.

10.6 Cap System Final Design and Construction Schedules

A schedule for the Final Cap Systemn, PRB and Cap System Design Submittals and PRB
construction is outlined in Table 15. Provided Final (100%) Design EPA and VDEQ review
comments are received by May 9, 2001, the PRB and Cap System contractor selection and
contracting is scheduled to start by mid May 2001. The construction of the Cap System is
dependent on the completion of the lagoon closure as detailed in the Mattatuck plan, see Task 25
in the schedule contained in Table 15. Cap construction activities, Task 26 and higher, can not .
be initiated until the lagoon closure is completed. Construction of the PRB and Cap System
Remedy is expected to be completed by the end of November 2001, provided Mattatuck
complete lagoon closure by the end of June 2001. The construction of the Cap System will take
approximately three (3) months and the construction of the PRB will take approximately four (4)
months. Construction of the Cap System will be delayed if lagoon closure to be undertaken by
Mattatuck is not completed by the end of June 2001. Some of the activities of the Cap System

and PRB installation will be completed concurrently.

10.7 Performance Monitoring and Action Plan

A Performance Monitoring and Action Plan was developed for the construction of the Cap
System and PRB. The Performance Monitoring and Action Plan is composed of seven (7) major
components: a Construction Quality Assurance Plan (CQAP), a Performance Standard
Verification Plan (PSVP), a Contingency Plan {CP), 4 Waste Management Plan (WMP), a
Groundwater Monitoring Plan (GWMP), a Health and Safety Plan (HSP) and an Operations &
Maintenance Plan (O&M). Separate CQAPs were prepared for the Cap System and the PRB.
The Cap System CQAP is included in Appendix G-1 including the Technical Specifications. The

other Plans are discussed under Section 11.5.
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10.7.1 Cap System Construction Quality Assurance Plan (CQAP)

The CQAP describes the procedures, which are to be used during construction of the Cap System
to ensure that the materials used meet or exceed specifications, and the Cap System is
constructed in accordance with the Construction Drawings and Technical Specifications. The
plan also details the records needed so that an appropriate “as-built” construction record can be
prepared at the end of each phase of construction. The CQAP is supported by material technical
specifications, which provide the criteria to be used to evaluate the suitability and/or
acceptability of all of the materials required for construction. Technical specifications for the

materials and installation requirements are included in the CQAP.
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11.0. IRON REACTIVE PERMEABLE BARRIER SYSTEM CONSTRUCTION

11.1 Reactive Barrier System

The iron reactive permeable barrier system consists of installing a reactive barrier perpendicular
to the natural groundwater flow direction as shown on Figure 37. The reactive barrier will be
installed using the azimuth controlled vertical hydrofracturing installation method. The reactive
barrier is 1,165 feet long in plan, and ranges in depth from approximately 15 feet down to a depth
of 42 feet, as shown on Figure 38. The reactive barrier thickness will range between 3 and 4.5
inches in effective thickness depending on the design case, Design Cases [ through IV, for the
four (4) sections along the PRB alignment as detailed in Section 8.4 and shown in plan on

Figures 40 and 41.

The PRB design will require the installation of a cross-sectional area of approximately 24,000 ft*
of iron PRB. The PRB will be constructed from cighty two (82) hydraulic fracturing wells
(denoted as F1 through F82) along the PRB alignment as shown on Figure 53 in plan and in
section on Figure 54. The iron PRB will be 1,165 ft in length, orientated approximately
perpendicular to the groundwater flow regime, be approximately 3" to 4.5" in average iron-
effective-thickness for a total of 650 tons of iron filings injected into the subsurface, and extend
from a depth of 15" down to a total depth of 42". A total of thirty nine (39} subsurface active
resistivity receiver strings (denoted as RR1 through RR39) will be installed offset from the PRB

alignment as shown on Figure 53 to monitor the geometry of the PRB during construction.

The hydraulic effectiveness (impact of PRB installation method) of the PRB will be quantified
from hydraulic pulse interference tests conducted from upgradient and downgradient wells
installed along the alignment of the PRB. These weils will be installed to serve as PRB
performance groundwater monitoring wells and construction monitoring hydraulic pulse test
welis. The location of the proposed PRB construction and performance monitoring wells are
shown on Figure 37. The hydraulic pulse interference source well will be pulsed and the
hydraulic pressure response tecorded on the other side of the barrier in the downgradient
groundwater monitoring wells. From the response of these monitored pressure pulses the extent
of the hydraulic effectiveness of the barrier can be quantified. The upgradient and downgradient

wells will be screened at similar depth intervals.
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The installed thickness of the PRB will be verified by inclined direct push electrical resistivity
(Beck et. al., 2000) and magnetometer (Hocking et. al., 2001a) profiles. Eight (8) inclined
(approximately 30° to the vertical) profiles will be completed along the PRB alignment to verify
installed PRB thickness.

Existing monitoring wells ARL, MW12 and MW33 and sixteen (16) new monitoring wells will
be used for PRB groundwater performance monitoring and construction hydraulic pulse testing.
Six (6) new monitoring wells will be instalted upgradient of the PRB and ten (10) new
monitoring wells will be installed downgradient of the PRB. These sixteen (16) new wells will
be used for both PRB construction hydraulic pulse testing and PRB performance groundwater
sampling events. Pulse tests will be conducted prior to PRB installation and after the PRB is

completed to ensure groundwater flow is restored through the PRB.

The dehalogenation effectiveness of the iron reactive barrier will be quantified by measurement
‘of volatile organic contamination in the groundwater sampled from both upgradient and

downgradient groundwater wells.

11.2 Construction Sequence

The construction of the iron reactive permeable barrier system for the Site will require a specific
construction sequence to be followed. The construction sequence of the main activities for the

PRB construction is detailed below:

15. Site Preparation

16. Install and Develop Pulse Test/Groundwater Monitoring Wells

17. Conduct Pre-Wall Groundwater Sampling

18. Conduct Pre-Wall Pulse Tests

19. Install Active Resistivity Strings 5

20. Install Hydrofracturing Wetl Heads

21. Install Reactive Barrier

22. Conduct Real Time PRB Installation Monitoring and PRB Thickness Verification
23. Conduct Pulse Tests After Barrter Installation

24. Begin Post Wall Groundwater Monitoring

25. Clean Site and Demobilize

AR301203



April 2001 -81 - 996-1100

11.2.1 Site Preparation

As in any other construction project, the Site will need to be prepared to accommodate the
different activities associated with the construction of the reactive barrier system. In general, the

foilowing activities will be required to be completed before barrier construction commences:

1. Grade Site and Install Decontamination Pad
Place Geotextile Fabric and Gravel / Access Roads

Set up Waste Handling/Storage System

ball S

Install Utilities, Fences and Signs

11.2.2 Performance Monitoring System Installation

The performance monitoring of the reactive barrier system is based on groundwater samples
collected from downgradient of the barrier and tested for VOCs, metals and general analytical
chemistry parameters as detailed in the GWMP. The groundwater monitoring wells will be
installed immediately upon completion of Site preparation activities. Sixteen (16) new
groundwater monitoring wells will be installed in addition to the three (3) existing wells (AR,
MW12 and MW33) as shown on Figure 37 for a total of nineteen (19) PRB groundwater
monitoring wells. The wells will be screened (10ft) in the lower portion of the aquifer as

detailed in the Construction Drawings.

The groundwater monitoring weils will be constructed with a 2-inch diameter poiyvinyl chloride
(PVC) casing (with a 2 foot long riser section extending above the ground surface) and extended
to the top of the aquitard and grouted in place. The wells will be flush threaded 2-inch interior
diameter (ID) Schedule 40 polyvinyl chloride PVC well casing with 0.010-inch slotted schedule
40 PVC screens installed inside the PVC. ,

The wells will be completed with a 20/40 grade quartz-sand filter pack, in the screen horizon and
2 feet above top of screen, 5 feet of bentonite slurry above the sand pack, followed by the 5%
bentonite powder/95% Portland® cement grout all in accordance with the Groundwater
Monitoring Plan (GWMP). The wells will be capped with a concrete pad and locking steel or

annodized aluminum protective cover,
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Following installation, all of the wells will be developed with a bailer or submersible pump in

accordance with the site specific GWMP.

11.2.3 Construction Quality Assurance Monitoring

Construction Quality Assurance (QA) procedures were developed to ensure that the PRB is
installed in accordance with the Construction Drawings and Technical Specifications. QA

procedures will address as a minimum the following:

Q Iron filings grain size distribution and mineralogy,
A Iron/gel mix design inctuding mix density, resistivity and viscosity (gel only),
L) Hydrofracturing injection pressures;

U Iron filings placement rate per square foot of PRB by determining the PRB geometry
by active resistivity mapping and the weight of iron injected in each hydrofracturing
well; and

O Verification of PRB thickness by inclined profiling by electrical resistivity and
magnetometer probes.

11.3 Construction Quantities and Cost

The PRB construction will require the installation of a cross-sectional area of approximately
24,000 ft* of iron PRB. The PRB will be constructed to have an average iron-effective-thickness,
in the groundwater flow direction, of 3 to 4.5 inches depending on the PRB Design Case.
Approximately 650 tons of iron filings will be required to construct the PRB. A total of sixteen
(16) hydraulic pulse test/groundwater monitoring wells will be installed, as well as thirty nine

(39) active resistivity strings and eighty two (82) hydrofracturing wells.
P .

The estimated cost of the PRB and Cap System groundwater remedy is $3.12M as detailed in
Table 14. Of this cost, $0.05M is for mobilization, procurement and demobilization, $0.19M is
for site preparation and site restoration, $2.09 PRB construction and groundwater monitoring
well installation, $0.52 is for construction of the Cap System, $0.16M is for the ETI license for

the placement of zero valent iron into the subsurface for VOC degradation, and $0.09M is for
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waste disposal. A summary breakdown of the different costs by labor, unit pricing and expenses

is provided in Table 14 for the construction of the Cap System and PRB.

11.4 PRB Final Design and Construction Schedules

A schedule for the Final Cap System, PRB and Cap System Design Submittals and PRB
construction is outlined in Table I5. Provided Final (100%) Design EPA and VDEQ review
comments are received by May 9, the PRB and Cap System contractor selection and contracting
is scheduled to start by mid May 2001. Site preparation is expected to start in late May 2001
along with the installation of groundwater monitoring wells and hydrofrac wells, installation of
the PRB System to start in late June 2001 and the Cap System construction to begin in early July
2001, depending upon the lagoon closure by Mattatuck as discussed in Section 10.6.
Construction of the PRB and Cap System Remedy is expected to be completed by the end of
November 2001. The construction of the Cap Systemn will take approximately three (3) months
and the construction of the PRB will take approximately four (4) months. Some of the activities
of the Cap Systern and PRB installation will be completed concurrently as shown in the proposed
schedule. Start of construction of the Cap System is dependent on lagoon closure by Mattatuck.
Construction of the Cap System will be delayed if lagoon closure by Mattatuck is not completed

by the end of June 2001.
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11.5 Performance Monitoring and Action Plan

A performance monitoring and remedial action work plan was developed for the PRB and Cap
System and consists of eight (8) major components, a Construction Quality Assurance Plan
(CQAP), a Performance Standard Verification Plan (PSVP), a Groundwater Monitoring Plan
(GWMP), a Contingency Plan (CP), a Health and Safety Plan (HSP), a Operations &
Maintenance Plan (O&M), Quality Assurance Project Plan (QAPP) and a Waste Management
Plan (WMP). Separate CQAPs were developed for the Cap System and the PRB as detailed in
Appendices G-1 and H-1 respectively. The PSVP, GWMP, CP, HSP, O&M, QAPP and WMP
are contained in Appendices I through O respectively. The performance monitoring and remedial
action work plan activities for the PRB Groundwater Remedy are summarized on Figure 55 and
those activities are detailed in the CQAP, PSVP and GWMP for the PRB. The performance
monitoring and remedial action work plan activities for the Cap System are contained in the
CQAP and O&M for the Cap System. Construction project organization charts for the Cap
System and the PRB System are contained in their respective CQAPs contained in Appendices

G-1 and H-1, respectively.

11.5.1 PRB Construction Quality Assurance Plan (CQAP)

The CQAP describes the procedures that are to be used during construction of the iron reactive
permeable barrier system to ensure that the materials used meet or exceed specifications and the
PRB is constructed in accordance with the Construction Drawings. The plan also details the
records needed so that an appropriate “as-built” construction record can be prepared at the end of
each phase of construction. The CQAP is supported by material technical specifications, which
provide the criteria to be used to evaluate the suitability and/or acceptability of all of the
materials required for construction. Technical specifications for the materials and installation

b4

requirements are included in the CQAP.

11.5.2 Performance Standard Verification Plan {(PSVP)

A groundwater and surface water monitoring plan was prepared for the project to monitor the

performance of the PRB and Cap System remedy on the dehalogenation of the chlorinated
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solvent contamination encountered at the Site to non-toxic end products. Groundwater welis will
be installed upgradient and downgradient of the PRB to monitor the reduction VOCs across the
PRB system. Monitoring well installation, groundwater and surface water sampling and
analytical analyses will be conducted in accordance to the GWMP and the QAPP. The PSVP
outlines the frequency of groundwater well and surface water sampling and the list of analyte
parameters for analysis. The plan details performance expectations and details actions to be
performed if performance expectations are not meet, including a change of frequency of
sampling, the list of analytes measured and in certain cases contingency actions to rectify

deficiencies in the PRB and Cap System remedial performance.

11.5.3 Groundwater Monitoring Plan (GWMP)

A groundwater monitoring plan was prepared for the project to monitor the performance of the
PRB and Cap System remedy on the dehalogenation of the chlorinated solvent contamination
encountered at the Site to non-toxic end products. The groundwater at the Site is contaminated
with predominantly PCE, TCE, 1, I-DCE and 1,1,1-TCA. Groundwater wells will be installed
upgradient and downgradient of the PRB to monitor the reduction VOCs across the reactive
barrier system. Monitoring well installation and groundwater and surface water sampling will be
conducted in accordance to the GWMP, the QAPP and the HSP. The frequency of groundwater
well and surface water sampling and the list of analyte parameters for analysis are detailed in the

PSVP. In general, the following activities will be performed:

O Installation and development of upgradient and downgradient monitoring wells;

O Field parameter measurements including water levels, temperature, pH, Eh, dissolved
oxygen, specific conductance, and turbidity of the groundwater samples;

QO Groundwater and surface water sampling at designated frequency and particular analyte
parameter list as detailed in the PSVP. Sampling and analysis of groundwater samples
will be conducted in accordance with the GWMP; and

QO Decontarnination of drilling and sampling equipment.
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11.5.4 Health and Safety Plan (HSP)

A health and safety plan was prepared for the project for protection of the construction project
team and other persons that may be exposed to hazards associated with the installation of the
PRB and the Cap System. The HSP addresses all the potential Cap System and PRB
construction specific hazards, physical hazards, and chemical hazards with associated action
levels. Proper personal protection equipment will be used to minimize personal exposure to
chemical and physical hazards expected at the Site. Emergency response procedures are clearly

defined in the event of an emergency.

11.5.5 Operation and Maintenance Plan (O&M)

An Operations & Maintenance (O&M) Plan for the PRB is not appropriate, since this remedy
does not constitute an operations and maintenance component. The Performance Standard
Verification Plan (PSVP) provided in Appendix I discusses a Contingency Plan for the PRB in
the event the PRB is not performing as designed. O&M activities will be required for the proper
performance of the vegetative cover of the Cap System. An O&M Plan for the Cap System is

detaiied in Appendix M.

11.5.6 Waste Management Plan (WMP)

Handling, transportation and disposal/treatment of construction derived waste will be conducted
in accordance with all Municipal, State and Federal requirements and as outlined in the Waste
Management Plan contained in Appendix O. The WMP outlines the procedures for handling,
transporting and disposal of all waste, either hazardous or non-hazardous, generated during
equipment decontamination, well installation and PRB and Cap System construction. All wastes
generated from decontamination activities will be handled, transported and disposed of as
detailed in the WMP. All decontamination activities will be performed in accordance to the

Health and Safety Plan (HSP) and the Waste Management Plan (WMP).

AR301209



April 2001 -87 - 996-1100

120 SUMMARY AND CONCLUSIONS

Golder Sierra LL.C (Golder) was retained by Saltire Holdings, Inc. to design an iron permeable
reactive barrier (PRB) and impermeable surface Cap System to be constructed at the former
Arrowhead Plating Facility Site (Site). located in Montross, VA. The work will be conducted as
part of the Former Arrowhead Plating Superfund Site Remediai Action.

Zero valent iron can effectively reduce the groundwater contaminants present at the Site. The
geology, groundwater conditions and depth of the PRB are suitable for construction of the PRB
by the azimuth controlied vertical hydrofracturing installation method. This PRB installation
method has previously installed three (3) full-scale iron PRB systems and one full depth pilot
scale system. An impermeable Cap System has been incorporated into the PRB groundwater
remedy to enhance the PRB performance by reducing infiltration into the subsurface and thus
lowering the hydraulic gradients across the PRB. The proposed PRB and Cap System Remedy is
the most cost-effective groundwater remedy for QU-2. Infiltration and groundwater modeling
indicate that the addition of a Cap System to the PRB Remedy will reduce groundwater flow
gradients perpendicular to the PRB alignment by a minimum of 20% and up to a maximum of

T0%.

The Cap System has been designed to enhance the effectiveness of the PRB by reducing the
influent contaminant fluxes of VOCs flowing into the PRB. The PRB has been designed to
achieve effluent VOCs concentrations below their respective MCL levels. The PRB design
methodology described in this report utilized a multi-species VOC probabilistic model to
quantify the overall reactive barrier system performance based on the expected variability of
design input parameters, such as Site parameters including hydrogeologic data and VOC influent
concentrations, and PRB System parameters including VOC degradation half lives and pathways,
PRB porosity and PRB iron-effective-thickness.

The proposed PRB will be 1,165 ft in length, orientated approximately perpendicular to the
groundwater flow regime, be approximately 3" to 4.5" in average iron-effective-thickness for a
tota! of 650 tons of iron filings injected into the subsurface, and extend from a depth of 15" down
to a total depth of 42' covering an area of 24,000 ft’. The Cap System will cover an area of
approximately 4-1/2 acres and consist from top to bottom of 24-in vegetative cover, a

geocomposite drainage layer and a geosynthetic clay liner (GCL).
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A Construction Quality Assurance Plan (CQAP), a Performance Standard Verification Plan
- (PSVP), a Groundwater Monitoring Plan (GWMP), a Coatingency Plan (CP), a Health and
Safety Plan (HSP), an Operation and Maintenance Plan (O&M) and a Quality Assurance Project
Plan (QAPP) were prepared as part of the performance monitoring and remnedial action workplan

activities required for the construction and performance evaluation of the PRB and Cap Systern.

The estimated construction costs of the PRB and Cap System remedy including site preparation
and waste disposal is $3.1M, of which approximately $2.1M is for construction of the PRB,
$0.5M ts for construction of the Cap System and $0.5M for site preparation, waste disposal and
license fee. These costs include construction derived waste storage, waste characterization and

disposal costs. The construction of the PRB and Cap System is expected to take six and a half

(6-1/2) months. The construction activities are expected to start in mid May 2001 and be
completed by the end of November 2001. Construction of the Cap System will be delayed if

lagoon closure to be undertaken by Mattatuck is not completed by the end of June 2001.

GOLDER SIERRA LLC

L. Ad O

Rafael I. Ospina, P.E.
Senior Project Manager

et

Grant Hocking, Ph.D.
President

GAGSLASALTIREYSS % PRB & CAP DESIGN REPORTMO0%REPORT.DOC
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TABLE 1

INSTALLED IRON PERMEABLE REACTIVE BARRIERS
FORMER ARROWHEAD PLATING FACILITY

MONTROSS, VA

996-1100

Iron Reactive Barriers Location Installation Method Date
: fiation Projec
Industrial Facility Califernia continuous wall Dec-94
Industrial Facility California continuous wall Sep-95
Industrial Fagility Northem Ireland in-situ reactive vessel and slurry wall Dec-95
lindustrial Facility Kansas gate and slurry wall Jan-96
JUSCG Facility North Carolina continuous reactive wall Jun-96
ovemment Facility Colorado sheet pile funnel{s) and multiple gates (4) Oct-98
industrial Facility South Carolina continuous iror/sand reactive wall Oct-97
Industrial Facility Colorado gate and slurry tunnel Nov-97
{Research Facility Tennessee ' Nov-97
lindustrial Facility New York continuous wall Dec-97
{industrial Facility Oregon gates (2) and slurry funnel Feb-98
fSuperfundg Site New Jersey continuous wall - hydrofracturing Mar-98
{DOE Facility Missouri continuous wall Apr-08
findustrial Facility Denmark continuous wall Jun-98
|DOE Facility, RFETS Colorado in-situ reactive vessel and collection system - Jul-98
fIndustrial Facility New Jersey continuous walls {2} Aug-98
Nindustrial Facility Vemont Aug-98
industrial Facility Germany Oct-98
DOD Facility New York Oct-98
[Shaw AFB South Carolina continuous walls (4) Nov-98
Industrial Facility Denmark continuous walls and recirculation system Nov-98
findustrial Facility Louisiana continuous wait Nov-98
{DOD Facility New York continuous wall Dec-98
lindustrial Facility North Carolina - Aug-99
IDOD Facility Colorado Aug-99
BDOD Facility New Hampshire Aug-99
lindustrial Facility Massachusatls Aug-99
industrial Facility Denmark Aug-99
{OOE Facility Colorado Sep-99
industrial Facility Kansas Oct-39
lindustnial Facility Washington Cct-89
findustrial Facility Ohio Oct-99
Superfund Site lowa continuous wall - hydrofracturing Oct-99
lindustrial Facility California Nov-39
Eindustrial Facility California continuous wall - hydrofracturing Jan-01
In-Situ Pilot De
Ressearch Facility Borden Jun-31
lindustrial Facility New York funnel and gate May-95
[Lowry AFB Colorado funnel and gate Dec-95
IMattet Field Air Station Califomia funnel and gate Apr-96
jindustrial Facility Georgia Apr-96
Superfund Site New Hampshire funnet and gate Nov-986
Alameda Air Station California funnel and sequence gate Dec-96
Savannah River Site South Carolina GeoSiphon Jul-97
ape Canaveral Florida Mandrel & Vibratad Beam (lron & Guar) Nov-97
Argonne National Laboratory IHinois Jron/Seil Mixing Nov-97
iDover AFB Delaware funnel and caisson gates Nov-97
INASA Demonstration Florida Soil Mixing Feb-98
[Otis ANGB Massachusetts hydrofracturing Jul-98
IMaxwell AFB Alabama hydrofracturing Jul-98
findustrial Facility Genmmnany Jul-98
Rindustrial Facility Germany Jul-98
industrial Facility Australia Feb-99
GOLDER SIERRA
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TABLE 2
VOLATILE ORGANICS SUMMARY - DEEP BORINGS
MAY 2000 SAMPLING EVENT
FORMER ARROWHEAD PLATING FACHITY
MONTROSS, VA
e —————
VOLATEE ORGANICS
BORING No. DEPTH (h BGS) Dats M w m m 3 m 1 m nm M m 5 m m M
=2 n
K 5 A ] - & 3 w £ - £ m
= ~ = < q g x
- = = = s i P 2 " =
77-79 May-00 2400 | 2406 | 2400 | 24000 | 24000 | 24000 | 24001 | 2400U | 2400U | 2400U ] 2400V | 24000 | 24000 | 24000 | 2400U 2400 U 24000 | 2400U | 2400V | 24000 | 2400 U
-1 May-90 210U | 2100V | 2100U { 200U | 21000 | 21000 | 2100V | 21000 | 2100V | 200U | 2100V | 21000 1 200U | 2100V | 21000 210U 21000 | 2100U | 24000 | 2100U | 2100V
S802
10919 May-00 | 15000 | 15000 | 1500u | 1500w | 15000 | 1soou | 1soou | 15000 | t1S00U | 1500y | 15000 | 1500U | 15000 | 15000 | 15060 | 15000 | 15000 | 15000 Y 15000 | 1500V | 15000
109 . 111 (duphcata) | Mey-00 | 17000 | 1700U | 17o0U | o | yrooU | 17000 | 170U | 17000 | TIOOU | TTOOU | 100U [ 17000 | tPpOU | 170U | 1700U 2408 1700U | 17004 | 1700U § y700U | 17000
81.863 May0o | 14000 | 1400y | taou | veoou | 1ac0u § ta0ou | 1a00uL | 1400u | 14000 | te0ou | 14000 [ 1400U | te00U | 14000 | 14000 190J 1400U | 1400U | 1400U | 14000 | 14000
S8D2 93-95 May-D0 100y | 18000 | 18001 | 1800U | 000U | 18001 ] 1800U | 18000 | 1800U | 1800L | 1800U | 1800U | 1800V | 1800U | 1800U 250 J 1800 | 180CU | 1800V | 18000 | 1800U
101 - 103 May-00 17000 { 17000 | 1700V | 17000 | t700U | 1700V | 17000 | 17000 | 1700VU | 1700V | 1700V | 1700V | 100U | 700U | 1700V ned 700U | 1700U | 100U | TOOU { tROR U
NOTES: .
8 = Nol detecied substantially above the levet reporied it the blenks. (indicaies reeult qualed by bisnk contaminslion.)
J = Analyie is preseni. Raporied valus may not be accurate o precise. (The sssackeied numaenical value is an estimated quantity.)
U = The ansivis was anahzad for, but was not detecisd.
GOLDEN SEERRA iy Boring VOCa
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TAWE 5
VOLATILE ORGANICS SUMMARY
WAY 2000 SAMPLING EVENT
FORMER ARPOWHEAD PLATING FACILITY
MONTROSS, VA
~VOUATILE ORGANICS

: ] ] -
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EE| g £ gt g w 5 2li |}
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MW1 Mary 00 wou oy 104 tou 1wy R wy 1wy tou oY 1wy v wu w0 101 1wou 1oy 10U 10Uy 1wy 1ou
MwW2 May-00 10U w0y 1wou ou 104 1oy LLIT] 10w wuy 191 10U 10U 1wy 1wy Wy 1o oy 1wy 24 LY 1y
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[t May-00 tou 1wy 1oy 1oy 10U wy 1wou L 1Y) 10U 0y v wou oy L 11) 104 10wy (¥ 10U 10U 10U wu
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April 2001
TABLE 5
VOLATILE ORGANICS SUMMARY
MAY 2000 SAMPLING EVENT
FORMER ARROWHEAD PLATING FACILITY
MONTROSS, VA
mo——
VOLATILE ORGANICS (i
WELL No. Date m w m m T = 3 M M m M
B ] 2 P o M
2 +
" Ly M W o w [+] = W.
- ~ - - ~ o & [ > =
- - - - - - - =
MW33 Muay-00 10 400 1) 9J »oe 400U 00U ™) 400 U 400U 400 L+ L Ll 400U 400U 400U 400U 400 U 5100 400 ¥ 44000 + 00 U 400U
MW33 (duplicaie} | May00 | s70 | 400U | I 2000 | aoou | 400u | 3000 | 4oov | soou | s00u | 400U | 400U | 400U | 400U | 400U | 400U 400 | 400U | 43000° | 400U | 400U
WMW34 May-00 wu 10U 1oy 24 oy 10U wy 7 oy 28 LLiLT) 14 v 10U 1oV 10y o 104 iou iou 10U
WMWIS May-00 0oy tou ny U wy wu wou v 10U Hwou nou 10U wu oy 1wy 1ou 1ou eu 1wu 10U w0y
W26 May-00 10U v AL 10U eu io0u 1n0u oy iou 100 wou wou ALl v LT hL Y 10U 10U wu o 10U
MW-37 May-00 4 1wy 10U . 10U A1} 10U AL11) wuy 10U ov 10U wou 10y wou tay 1y wy 54 oy w0u
NOTES:
angiﬂ!i;?{i!!;,;ilisg%_
J = Analyte i present. Reported valus may nol be socursle or procies. {The cisted rumerical value is an quaniity.}
U = The analyle was analyzed lor, it was not delected.
1) = Mot detactad. The reporied quantitation Bmit mey be in or impreciss. (The Spted reporting it i an d queniity.)
“ = Remst reported from a diiution.
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TABLE 8
VOLATILE ORGANICS SUMMARY - DIRECT PUSH
MAY 2000 SAMPLING EVENT
FORMER ARROWHEAD PLATING FACILITY
MONTROSS, VA
—
VOLATILE ORGANICS (ug)
. * m
c »
Pl : e | g |} SRR
— £
DIRECT PUSH NG | DEPTH (f BGS} Dale w M M m m 2 ] m z - & o m <
: | o2 2] {2 s | 35| 3 5 5
sl s & &[& & |8 | ¢ E | 215 S I
O T R TR BT B B 3 | ° e b L A B
22 Jul-00 nu 1wy oy 10U 1ou wou iou 1wou iou aB U Wy iou v 10U icu U 10U 10y 10U iou
26 Jul-00 " 1ou wou 24 v wou 54 oy 1wu B tovu 1ou wu v 0oy oy » 1wy 67 wu ou
cio a1 Juk-00 400 129 »J 840 1woou 100U 100 100U 100U 100U 1004 10eu Mmooy 100U 100U 100U 180 100U 2000 100 U 100U
» Jdd-00 00 200U 354 1300 206U 2004 nJ 200 20U 200U 200U 200U 200U 214 2000 200U =0 200U &m0 * 200U 200V
35 {duplicala) Jul-00 b, 2500 nJ 1100 250 U 2500 nd 250 U 250U 250U 250U 250U 250U 2500 250U 250U TN 250U 7200 ¢ 250 2501
23 May-00 n wou wou 0 1oy U 14 w0y tou 7B 1ou wu wou 1wu w0y ou M o 170 1y 1ou
26 May-00 004 S0 U 500 U 840 S0 U 500U 500 L S00U 500 1 S00 U 500U 500U 500U S0 U 500U 500U 20 500U 7300 s00U S00 U
D19
28 Mary-00 12004 | 2000U | 20004 4800 20004 | 20000 | 2000U | 20000 | 20000 | 20000 | 2000U | 2006U | 2000U | 20000 | 2000U | 20000 2000 20000 | 2000 { 20000 | 2000V
2 May-00 250U 250U 2500 sJ 250U 20U 250U 250U 250U 250U 250U 250U 250U 250U 250U 250U 250U 250 U 300 250U 250U
24 May-00 8 50U 50U ® 50U 50u 0 50U 50U 50U sou 50U 50U 50U 500 S0V L) 50U 0 50U sou
28 May-00 704 500U 500U o 500 4 500 U s00 U 500U 500U 500 U 500U S00 U 500 U 5001) 500 U 500U ™m 500 U 8400 * 500U S00U
E10 at May-00 800 4 20004 | 2000U 000 20000 | 20000 | 2000U | 20000 | 20000 | 2000U | 2000V | 2000V ] 2000V | 2000U | 20000 | 2000V 00 20000 | XM000 | 20000 | 2000U
31 (duplcate} May-00 ooy 25001 | 2500U 3400 250040 | 25000 | 2s00U | 25000 | 2500U | 2500U | 2S00U | 2500V | 25000 | 2500V | 25000 | 2500U 3400 25000 | 000 | 2500U | 250014
35 May-00 So0 U 500U 500 U 520 500U 500 U 500 Lk SO0 U 500 U 500 500U S0o0U 500y 500 14 S00U 5004 So0 U 500U T400 500 U 500 U
25 May-00 12 25U 28U » 25U 25U 3u 25U F-14 25U F1] »su 25U 25 »U p-11) 174 %V 40 25U 25U
12 27 May-00 ) 25U a5y a“ 25U su »U 1] 254 25U 25U 235U %U 25U 25U 25U - U 0 25y 25U
32 May-00 500U 500 U 500U 1mJ 500U 500 U 500U 500U 500 U 500U 00U 500U s00U 500 U s00U soou S00U 500U 8000 500V 500 U
35 May-00 250U 250U 250U 120J 250U 250U 250U 250U 250U 250U 250U 250U 250U 250U 250U 250U 250U 250U 4800 * 50U 50U
NOTES
B - Not detected substantially showe the kevel raporied in the bianks. (Ingicates resculk quadified ty bisnk contamination. )
\I = Analyte is prasent. Rsporiad vaiue may nol be accurate or precise. {The icat value i an esti d quantity.}
K = Analyta is prasent. Reported vadue may be biasad high.  Actusl value is expected 1o be ower
L} = The analyte was analyzed for. bul was not detacted
* = RAgsult raported lrorm 4 dilstion
GOLDER SERRA
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TABLE 9
E}UF’iFACE WATER FIELD PARAMETERS SUMMARY
MAY 2000 SAMPLING EVENT '
FORMER ARROWHEAD PLATING FACILITY
MONTROSS, VA
FIELD PARAMETERS'

= O

zE 2 = <.

208 =z B e

LOCATION STATION No. Date - 5 g E £ 3

o 3 £ 5 = &

85 g g 8

[& B2 3 E

= [
RSt May-00 6.2 139 123 6.8 185
RS2 May-00 6.5 123 24 8.7 17.5

Reeds Swamp

AS3 May-00 6.5 117 286 9.3 17.1
RS4 May-00 6.4 111 9.8 8.8 16.9

SB1 May-00 59 153 26 8.8 16
sB2 May-00 6.0 134 6.8 5.0 16.6
Scates Branch SB3 May-00 4.0 96 2.4 29 15.8
ST May-00 8.7 744 10.2 9.8 14.8
sT2 May-00 6.3 368 5.8 9.0 16.3
SF2 May-00 6.3 108 2.3 8.0 18.9

South Fork
SF6 May-00 6.5 13 0 8.4 18.8
Mid Fork MF1 May-00 6.2 312 0 75 16.1
NOTES:

(1) Field parameters were measured using HORIBA U-22 Water Checker meter.

GOLDER SIERRA
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TABLE 10
METALS AND CYANIDE SUMMARY - SURFACE WATER
MAY 2000 SAMPLING EVENT
FORMER ARROWHEAD PLATING FACILITY
MONROSS, VA
"WETALS togh)
g
ooanon | sranowe | omm m 1 IRIR m 1 b|e]| m m il M ARAERE i !
N >

wid Fork NE1 Way-00 130¢ | 25u | 23U »%s | 0108 | 020U | sxm 12 348 178 MW | 2100 | e 1% | 0wl | 798 e | 4L | osow | weee | 48U | 3B =4 100U
SF2 Mey00 | 2P | 2s5v | 23u nr | owu | cas ]| svm | owu | 229 138 e | 210 ] 1w 112 | otou | soB mw | 4 | osou | wee a8y are | 173K } 100U
Sourth Fork SF8 May00 | 2498 | 25U | 23U e fowu | oxe | me | cou | 188 138 1 | 21 | um " 010U | 528 7w | a1 | osou | asse sy 448 | 127K | t00U
SFB {duphicate) | May00 | 2188 | 25U | 23U s | owu | 0208 | s | osoU | 148 | 1OV e | 2100 | e2ee m 010U | 48B e | 4wl | asou | seee LE10] 308 | NAK | 00U
581 Mey00 | 3B | 25y 23y my | 01wu fozxu| 24 | os0oU | 278 448 we | 2100 | 40w T 010U | s4B 27 | 410 | 000y | mde | 48U | oB0B | X22K | 100U
B2 Mey00 | 288 | 25U | 23V M9 |cwep{o20u| swe |osou | 420 | 488 | e | 2o | e []] 0WU [ 838 | 1808 { 41 | 0s0U | THOR 48U 538 | 3k | 00U
Scates Branch 83 Mey00 | 4u4@ | 25u | 258 3227 | owv | c20u | 2910 | osou | 123 98 MR |20 | we 74 010U | 1048 | 1208 { 41Ul | owU | 3 48U 278 B7 | wou
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TABLE 12

SUMMARY OF SOIL HYDRAULIC CONDUCTIVITY DATA

FORMER ARROWHEAD PLATING FACILITY
MONTROSS, VA

Sample Soll Description | Sample Depth (ft) (r:::‘) "V""“tnm“"“"“

Hazen Method’
[ss-10 22.0-24.07) (SP-SM) 22-24 0.06 3.6E-03
fsBs-11 26.0-28.0) (SP-5M) 26-28 0.07 4.9E03
fses-11 (32.0-34.0) (SP-SM) 3234 0.085 4.2603
Jsas-12 (30.0-32.0) (SP-SM) 30-32 0.085 4.2E09
[ses-12 (34.036.0) (SP-SM) 34-36 0.07 4.9E-03
CPT investigation®
ad FINE SAND 34 - 1.0E-04
A12 SILTY FINE SAND 32 - 1.6E-04
A16 FINE SAND W/ CLAY 56 - 3.2E-06
420 SILTY FINE SAND 38 - 7.7604
a2z FINE SAND W/ CLAY a2 - 3.8€-03
g2 CLAYEY FINE SAND 31 - 2.6E-05

8 FINE SAND 30 - 1.56-03
[p1s FINE SAND W/ CLAY 39 - 1.56-04
[e22 SILTY FINE SAND a3 - 1.1€-03
i CLAYEY FINE SAND 305 - 3.0E-04
Cce SILTY FINE SAND 31 : 1.7E-03
cs FINE SAND W/ CLAY 33 5.6E-04
C10 CLAYEY FINE SAND 33 - 1.3E-03
c16 SILTY FINE SAND 32 - 1.5E-03
C22 FINE SAND 34 - 1.2E-03
SILTY FINE SAND 3 - 2.26-03
lo4 SILTY FINE SAND 3 - 1.4E04
fos FINE SAND W/ CLAY 325 . 9.0E-05
[oo FINE SAND W/ CLAY 345 . 7.1€06
Jp1oa FINE SAND W/ CLAY 53 . 5.8E-04
fors CLAY 36 - 1.3E-04
|o's FINE SAND W/ CLAY 33 . 3.56-04
[ote SILTY FINE SAND 33 - 3.7E03
[pte FINE SAND a2 - 1.4E-03
fp20 FINE SAND W/ CLAY 37 . 1.8E-04
o2 SILTY FINE SAND 33 . 7.1E-04
[es FINE SAND W/ CLAY 31 - 5.1E04
[es FINE SAND W/ CLAY 30 - 6.9E-04
[E10 SILTY FINE SAND 3s - 1.36-04
[er2 FINE SAND W/ CLAY 38 - 2.2E04
[e20 FINE SAND W/ CLAY 355 - 4.0E-03
[e=2 SILTY FINE SAND 33 1.1E-03
|F:2 FINE SAND W/ CLAY 35 2.6E-04
Fia FINE SAND W/ CLAY 35 28E-04
[F1s FINE SAND W/ CLAY 34 - 4.6E-03
fa14 CLA*EY FINE SAND 36 - 8.6E-04
G18 7 i SAND 36 - 1.4E-03
[H1s Fi* & SAND 33 - 8.7E04

GOLDER SIERAA AR30 | 232
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April 2001
TABLE 12
SUMMARY OF SOIL HYDRAULIC CONDUCTIVITY DATA
FORMER ARROWHEAD PLATING FACILITY'
MONTROSS, VA
Sample Soil Description | Sampie Depth (1t) Dia Hydraullc Conductlvity
(mm) {cm/sac)
Constant-Rate Pumping Tests - Cooper-Jecob Method?
war ; 335435 - 8.1E-06
fawaz . 28-38 - 31E-04
IMwasa . 28-38 - 2.9E-04
oMW1 335-43.5 - 3.4E-04
OMW2 . 33.5-43.5 - 8.9E-04
OMW3 R 30-40 . 4.2E-04
MW3A . 30-40 - 3.9E-04
OMW4 - 30-40 8.0E-04
OMWA4A - 30-40 - 8.5E-04
fsmws3 - 4143 3.6E-04
|constant-Rate Pumping Tests - Quick Neuman Metnod®
|mwss - 33.5-43.5 - 6.0E-05
[Mmwas - 28-38 - 1.4E-04
IMwzsa - 28-38 . 8.8E-05
OMWA . 33.5-43.5 . 22604
fomwz - 335435 . 6.1E-04
OMW3 - 30-40 . 2.0E-04
OMW3A . 30-40 . 21E-04
OMW4 . 30-40 4.1E-04
OMW4A ; 3040 - 5.5E-04
fsmw3 } 4143 - 2.4E-04
Constant-Rate Pumping Tests - Thels Recovery Method*
mwaa - 28-38 - 1.1E-02
OMW3 30-40 ; 1.3E-03
OMW4 . 30-40 - 23603
[Step-Rate Pumping Tests - Cooper-Jacob Method?
e - 25-35 - 1.5603
fwz1 . 25-36 - 1.56-04
pwaz - 34-44 - 1.9€-03
forwia ; 33.543.5 . 8.1E-05
OMW2A 335435 - 1.4E-04
SteggRate Pumping Tests - Quick Neuman Method”
pawe - 25-35 . 1.0E-03
pawz1 - 25-35 - 5.3E-05
w32 - 34-44 . 1.7E-03
MW1A . 335435 - 2.5E-05
OMW2A - 335435 - 4.6E-05
3
203 GOLDER SIERRA A R 0 l 2 3 3
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TABLE 12

SUMMARY OF SOIL HYDRAULIC CONDUCTIVITY DATA
FORMER ARROWHEAD PLATING FACILITY
MONTROSS, VA

996-1100

Sample Soll Description | Sample Depth (ft) (:‘:') """'“:':“3:";"“"“'

|ratiing Head Siug Tests - Bouwer-Rice Methoa’

fpw 23-33 6.5E-04
| 20-30 . 11603
w3 2535 - 1.0E-03
pawa 20-30 . 2.7E03
fpaws - 25-35 - 1.2E-03
[mwe 20-30 - 3.6E-03
w7 - 20-30 - 2.7E-03
fpmws - 20-30 - 1.6E-03
w10 - 20-30 - 1.3E-03
v - 15-25 - 8.5E-04
w12 - 10-20 - 8.6E-04
fawia - 414 - 7.4E-04
|rising Head Siug Tests - Bouwer-fice Method’

paws - 23-33 - 2.3E-03
w2 . 20-30 - 2.3E-03
pws - 25-35 - 4.6E-04
w4 - 20-30 - 1.3E403
ws 25-35 - 8.8E-04
paws - 20-30 - 2.5E-03
[Mw7 - 20-30 - 8.4E-04
fmwe - 20-30 - 1.7E-03
w10 - 20-30 - 8.3E-04
pawr . "15.25 . 1.06-03
w2 - 10-20 . 9.1E-04
fwwis . 414 - 7.56-04
NOTES:

(1) The hydraulic conductivity values are calculated using the Hazen method based on Dy, grain size data.

{2) Tests conducted by ICF Kaiser Engineers, Inc., Pre-Remedial Design Summary Report, Former Afrowhead Plating Facility,
Montross, Virginia, August 1987,

{3) Tests conducted by ICF Kaissr Engineers, Inc., Remedial Investigation Report, Amrowhead Plating Site,
Montroas, Virginia, August 1991,

GOLDER SIERRA
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Apnl 2001

Tabie 14

PRB and Cap System Estimated Construction Costs
Former Arrowhead Plating Facility, Montross, VA

996-1100

1) Labor and expense distributions are estimated; actual distributions may vary.
2) Costs include on-site waste handling and storage.

3) Site preparation includes earthworks, culverts, GCL and erosion control for northern section of Cap & along PRB alignmem.'
4) Assumed PRB length of 1160'; PRB will extend on average from 20' to 40" bgs, with an average iron loading of 54 Ib/sft.

5) The final estimated costs for Transport/Disposal depend on Hazardous Waste

Type Designation.

6) Total Waste Quantities: 100 cyds soil/drill cuttings & mud, 20,000 gals of cleaning & decant water.
7} EnviroMetal Technologies, Inc. Site License assumed to be 12% of Task 004 ($1,330.000) for a License Fee of $160,000

over the total project cost (total with License Fee of $3,121,500)

carmsemsf R30 | 236

TASK DESCRIPTION Lasorcost [ TMEMECE | pxpeNsEs TOTAL
IPRB & Cap System Construction, QA and Verification Testing

Task 001 - Mobilization, Procuretent & Demobilization 36,770 527,520 $11,060 $45,350
Task 002 - Site Preparation & Site Restoration $23.110 $47,100 $116,060 $186.270
Task 003 - Drilling & Frac Inject Well Heads [nstall $69,620 $158,420 $205,030 $433,070
Task 004 - Frac Inject PRB Installation $0 $1,218,434 $112.925 $1,331.359
Task 005 - PRB Verification and Quality Assurance Tests $44,530 $144.815 $138.450 $327,795
Task 006 - Cap System Construction $28,680 $420,300 $55.638 $504,618
Task 007 - Cap System Verification and Quality Assurance Tests $8,060 $c $11,244 $19,304
Task 008 - PRB and Cap System Construction Repont $19,040 $0 $3,920 $22,960
Task 009 - Waste Storage, Characterization and Disposal $27.660 $0 $63,000 $90,660
TOTAL ESTIMATED PRB & CAP SYSTEM COST $227,470 $2,016,589 $717,327 $2,961,386
MOBILIZATION, PROCUREMENT & DEMOB $45,350
SITE PREPARATION & RESTORATION $186,270
PRB SYSTEM CONSTRUCTION $2,092,224
CAP SYSTEM CONSTRUCTION $523,922
‘ CONSTRUCTION REPORT $22,960
WASTE DISPOSAL $90.660
ETI LICENSE FEE $160,000
TOTAL REMEDY COST $,121.386

Costa1.xls: PRB and Cap Summary




Apnl 2001 TABLE 15
PRAB and Cap System Final Design and Construction Schedule
Former Amowhead Plating Facility, Monirass, Virginia

e_ ._..-l..l Nartvs Owraticm
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"2 | _ PreFnal (90%) FAB § Cap System oMo EPA " 1 day
3] EPA Pra-Find (90%) P78 & Cap Dawigr v .| T0wks
.H:W_amfnnmm_:hug Bdms
B m i_gmﬂ-‘oiifsl 7 whs
® | Final (1007%) PRD & nlul.l._-el!i T day
ﬁz vim and Ou_u g C 25 teys
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10| PAE Consinickon Conract Award - Tday
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ACTIVITY PERFORMANCE ACTION

MONITORING
("Mix consistency, density, volumes, weights, M
; . . ?mamcam!a:qta_om_ocai&?_wgzﬁm_
Mix consistency, density, volumes, weights. pressures spacifications as detaited in CQAP. if outside
and flow rates 1o be monitored and recorded for QA Smam—— specifications, cormective actions to be .
PUrposes. imptamented and in cartain cases batch mixes
discarded or injection terminated. v,
Geometrical coverage of the reactive barrier quantified resistivity and placed quantities must meet of
and recorded for QA purposes. Placement quantities  fu————3| exceed tachnical specifications as detailed in
monitored and recorded for QA purposes. COQAP. If not, additional volumes musl be
gmﬂ.& to remove deficiency. }
Reactive Barier Hydraukc effactiveness of reactive barrier quantified Hydraulc effectiveness of reactive barmer mu

Hydraulic Effectiveness by putse interference test. g “vgu puise interforence test as g-@ﬂ n

\?w%&ﬂiiﬁd:%.ﬂ%g
- - of reactive barrier must be less than performance
Upgradient and downgradient reactive barrier expeciations as detailed in the PSVP. Hf not,

monitoring wetts sampled and analyzed for VOC, . additional sampling and/or contingency actions

metats and other parameters. Site wide monitoring 3| st be implemented as specified in the PSVP
wells sampled and anatyzed for selected VOCs and CP.
and field parameters.

Uon.,mn_meo:-ﬂoo-<oo.moo=oo:=n=o=5m=a
wide monitoring wells must be greater than
performance expectations as detailed in the
PSVP. if not, additional sampling and/or ’
oo:::uoi%:&&ao_:iﬂsu:_&wa

in the PSVP, /

~ AR301293
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APPENDIX A

Iron Permeable Reactive Barrier Laboratoi-y Tests

APPENDIX A-1

APPENDIX A-2
APPENDIX A-3
APPENDIX A-4
APPENDIX A-5
APPENDIX A-6
APPENDIX A-7

APPENDIX A-8

Soil Grain Size, Atterberg Limits, Specific Gravity and
Resistivity Tests i

Iron Filings Grain Size, Specific Gravity and Permeater Tests
Leak Off Tests

Micro-Head Permeameter and TOC Tests

Fracture Fluid Resistivity Tests

Fracture Fluid Viscosity Tests

Iron Filings Grain Size Specification and Mineralogical Analysis

Iron Filings pH Activity Tests
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APPENDIX A-1

Soil Grain Size, Atterberg Limits, Specific Gravity and Resistivity Tests
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ATTERBERG LIMITS

ASTM D 4318
PROJECT NAME: GSL/IC6-3831 GALFL
PROJECT NUMBER: IC3-3822
SAMPLE ID: SBS-10 SAMPLE DEPTH: 16.0 - 18.0°
SAMPLE TYPE: Bag

SAMPLE PREPARATION
Wet or Dry

Number of Blows

o] i 40 v

PLASTIC LIMIT DETERMINATION LIQUID LIMIT DETERMINATION NATURAL MOISTURE

Weight of Wet Soil & Tare (gm

Weight of Dry Soul & Tare (grm)

Weight of Tare (gm)

Weight of Water (gm)

‘Weight of Dry Soil (gm)
Waler Content %

22 22
20.48 20.98 19.67 16.79 18.31 TRIAL 1 TRIAL 2 328.78
18.54 18.78 17.80 11.20 13.06 255.06
11.81 11.24 11.31 4.30 6.62 BLOWS: 22 22 51.90
1.94 2.20 1.87 5.59 5.25 73.72
6.73 7.54 6.49 6.90 5.44 KVALUE:| 0.985 09.985 203.16
28.83 29.18 28.81 8].01 81.52 36.29
PLASTIC LIMIT (PL) LIQ UID LIMIT (LL)

PLASTICITY INDEX (PD) LIQUIDITY INDEX (LD}

" DESCRIPTION|Yellow:sh Brown and Gray, SILTY TLAY, little oarse lo fine sand.

NOTE:
uscs| cH [
(— PLASTICITY CHART W
100 -
90 ” -
80 —
0 e L /
= -7 7~
£ .- P
# 60 -~
& P CHor 3 ’
Z e 1 /
= 50 =
h -
g; 40 - 7 / |
5 L /“
= -
} 30 = / MH|or OH
20 “CLor "L/“
10 e
Sl Al 7 ( MI} or OL
0 1
0 20 30 40 50 60 70 80 90 100 110 120 130
LIQUID LIMIT (LL)
Tecu[ DH
DATE[ 6/1700
CHECK | 1w
REVIEW[ " "

GOLDER SIERRA AR301297




PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES
100 e L :_ﬁlf‘i F-HEi
i ""l-u_,.___-
% |
80 \‘T
! N
70
% \
P 0
A
S
S 5
I
N
G 4
30
20
10
. |
1000 100 10 1 0.1 0.01 0.001
Grain size in millimeters
Coarse | Fine Cor | Med |  Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
L ]
SAMPLE ID SBS-10 LL 80
SAMPLE TYPE Bﬂ.& PL 29
SAMPLE DEPTH 16.0 - 18.0 Pl 3
DESCRIPTION |Yellowish Brown and Gray, SILTY CLAY, littie
coarse to fine sand.
USCS CH |
SALTIRE/996-1100 IRON REACTIVE WALL/VA TECH T
1C3-3822 DATE} s5/31/00
CHECK| i |
REVIEW| , 4~

GOLDER SIERRA
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ASTM GRAIN SIZE ANALYSIS
ASTM C117, C136, D421, D422, D1140 and D2217

PROJECT TITLE [SALTIRE/996-1100 IRON REACTIVE WALL/VA | SAMPLE D $85-10 | -
PROJECT NO. 1C3-3822 [ SAMPLETYPE Bag
SAMPLE DEPTH 16.0 - 18.0
ASRECEIVED WATER CONTENT Hygroscopic Moisture Wet Soul & Tare (gm) 25.62
Tare No - For Sieve Sample Dry Soil & Tare (gm) 24.69
Wt Wet Soil & Tare (gm) (W13 32878 Tare Weight (gm) 3.25
Wit Dry Soil & Tare (gm) W2y 155.06 Maoisture Content {%) 434
Weight of Tare (gm) (W3) 51.90 Total Weight of Sample Used For Sieve Analysis Corrected For Hygroscopic Moisture
Weight of Water {gm) (Wa=W1.W2y 73.72 Woeight + Tare, Before Separating On The #3 Sieve (gm) 294.11
Weight of Dry Soit (gm) (Ws=w2.w3){ 203.16 Tare Weight (gm} 114.48
Moisture Content, (%) (W4/W5)*100 36.2%9 Tota} Weight (2m) 172,16 }(We)
Plus #4 Material Sieve (Wt+Tare)  (((Wt-TareyW6)*100) *PASSING
TARE WEIGHT 12.0" 120" cobbles
3.0 3.on coarse gravel
2.8" 2.5" coarse gravel
2.0" 2.0 coarse gravel
1.5" 15" coarse gravel
1.0" 1.0” coarse gravel
0.75" 0.75" tine gravel
0.50" 0.50" fine gravel
0.375" 0.375"  fine gravet
#4 0.00 0.0 100.0 H4 coarse sand
HYDROMETER ANALYSIS
Weight of Sample Used For Hydrometer Test
Specific Gravity (assumed) }
Specific Gravity (tested) 2.754 Weight of Sample Wet or Dry (gm) 48.00
Amount Dispersing Agent (mb) 125.00 Calculated Dry Wt. used in test (gm) 46.00
Type Dispersion Device Mechanical Hydrometer Bulb Nurmnber 6243178
Length of Dispersion Period 1 Minute % Pass #4 Sieve For Whole Sampie 160.0G
TARE WEIGHT HYDROMETER BACKSIEVE (Percent Passing #10 - #200 Sieves)
Cumul Wt
{Wt+Tare} Retained % PASSING
wio 0.37 0.37 99.2 #10 medium sand
#20 (.94 0.94 98.0 #20 medium sand
#Ha0 1.87 1.87 95.9 ¥40 fine sand
#60 2.52 2.52 94.5 W60 fine sand
#1060 2.87 2.87 93.8 W100 fine sand
#1200 3.24 324 93.0 WIDD fines
HYDROMETER CALCULATIONS
DATE TIME ET READING TEMP TEMP.COR. HYD.COR. READING |EFFECTIVE
5/31/00 10:56 {min) R T K Cc C LENGTH A
5/31/00 10:58 2.00 49.0 21.50 0.013 6.00 43.00 9.2 0.98
5/31/00 11:01 5.00 48.0 21.50 0.013 6.00 42.00 9.4 0.98
5/31/00 1111 15.00 45.0 21.50 0.013 6.00 39.00 9.9 0.98
5/31/00 11:26 30.00 43.0 2150 0.013 6.00 37.00 10.2 0.98
5/31/00 11:56 60.00 41.0 21.50 0.013 6.00 35.00 10.6 0.98
5/31/00 15:06 250.00 38.0 21.50 0.013 6.00 32.00 1.1 0.98
6/1/00 10:56 1440.00 35.0 2260 . 0.013 6.00 29.00 11.5 0.98
GRAIN SIZE PERCENTAGES
Particls Diameter % PASSING |% COBBLES 0.00 Description | Yellowish Brown and Gray, SILTY CLAY, little
0.0281 91.6 *% COARSE GRAVEL 0.00 coarse 1o fine sand.
0.0180 89 5 * FINE GRAVEL 0.00 USCs| CH ]
0.0106 831 % COARSE SAND 0.80
0.0076 78.8 - {% MEDIUM SAND 3.26 80 LL
00055 746 % FINE SAND 2.98 29 PL
0 0028 682 % FINES 92.96 51 PI TECH TJ
80012 618 % TOTAL SAMPLE 100.00 DATE| 5/31/00
CHECK{ /. %
REVIEW | . i~
GOLDER SIERRA ~AR301Z2Y9Y




SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID | sBS-10
SAMPLE TYPE Bag
TESTED FOR [ ] SAMPLE DEPTH 16.0 - 18.0°
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, Inital (gm) ownl o 17212 AIR REMOVAL
Weight Soil and Tare, Final (gm) (wnf 17145 METHOD
Weight Of Tare (gm) (W3) 51.92
Weight Of Moisture (gm) (WA=W1.W2) 0.67
Weight Of Dry Soil (gm) (W5=W2.W3) 119.53
Hygroscopic Moisture {n (%) (HM=(W /W 5)*100) 0.6%
Tral 1 2. 3
Pycnometer Number 1
Weight Pycnometer Empty (gm) (ML) 189.07
Weight of Seil & Pycnometer (2m) [~ 289.08
Weight of Soil, Water & Pycnometer (gm) (Mb) 750.64
Observed Temperature (Tb), for (Mb) In Degrees C 23.0
Observed Temperature (Ta), for (Ma} In Degrees C 22.00
Weight of Pycnometer & Water (gm) (Ma @ Ta) 687.39
Relative Density of Water @ (Ta) 0.99780
Relative Density of Water @ (Tx) 0.99757
Correction Factor due to Temperature @Tx (K) 0.9993
Weight of Soil {(gm) 100.01
Weight of Dry Soil (gm) (Mo) 99.45
Weight of Pycnometer & Water (gm) (Ma) 687.28
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+Ma - Mb))]*(K) EEE) | ] E
Temp. (C) Rel Density Corr. (K) || Temp. (C)  Rel Density Corr. (K)
16.00° U.YYed/ 1L.UGUY 23.5U U.5¥745 R
16.50 0.99889 1.0007 24.00 (.99732 0.9991
17.00 0.99880 1.0006 24.50 0.99720 0.9990
Correction Values 17.50 0.99871 1.0005 25.00 0.99707 0.9988
Due To Temperature 18.00 0.99862 1.0004 25.50 0.996%4 0.9987
18.50 0.99853 1.0003 26.00 0.99681 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 0.99833 1.0001 27.00 0.99634 0.9983
20.00 0.99823 1.0000 27.50 0.99640 0.9982
20.50 0.99812 0.9999 28.00 0.99626 0.9980
21.00 0.99802 0.9998 28.50 0.99612 0.9975
21.50 0.99791 0.9997 29.00 0.99597 0.9977
2200 0.99780 0.9996 29.50 0.59582 0.9976
22.50 0.99758 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 ‘ TECH RJ
DATE | 5/31/00
CHECK {
REVIEW Cla,
GOLDER SIERRA
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RESISTIVITY OF SOIL
ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE | sALTIRE®95-1100 IRON REACTIVE wALLVA | SAMPLE ID SBS - 19 | -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPT 16.0 - 18.0'
SAMPLE PREPARATION Sieved through the #8 Sieve | No |
TEST APPARATUS Miller Soilbox and Nilsson 400 Soil Resistance Meter.
Identification:
SPECIMEN (Point) 1 2 3 4
RESISTIVITY (ohms-cm) 4,200 1,400
TEMP DEGREES (C) 20.0 22.0
RESISTIVITY @ 15.5 C (ohms-cm) 4,673 1,628
MOISTURE CONTENT
WET WEIGHT & TARE 121.99
DRY WEIGHT & TARE 82.90
TARE WEIGHT 51.16
WEIGHT OF MOISTURE (gm) 359.09
WEIGHT OF DRY SOILL (gm) 31.74
MOISTURE CONTENT (%) 123.16
10
3
g
E
£3 6
- 3 B
=2 4
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0
0 25 50 75 100 125 150
MOISTURE CONTENT (%)
Description {Yellowish Brown and Gray, SILTY CLAY, little coarse 1o
fine sand.
USCS CH | TECH| PWM
DATE| 3/30/00
CHECK]| (M
REVIEW] ; f—(“,l.v
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med |  Fine SILT OR CLAY
Boulders | Cobbles Gravel * SAND FINES
SAMPLE ID SBS - 10 LL -
SAMPLE TYPE Bag PL -
SAMPLE DEPTH 22.0-240' PI -
DESCRIPTION |Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt, trace fine gravel.
USCS| (sP-sM) I
SALTIREM96-1100 IRON REACTIVE WALL/VA TECH} PWM/RJ
1C3-3822 DATE| s5/30/00
CHECK]| | 3.
~ ~ REVIEW 14;&/
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ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/S96-1100 IRON REACTIVE WALL/VA I SAMPLE ID SBS-10 [ -
PROJECT NO. 1C3-3822 . SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 22.0 - 2400
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture) Wet Soil & Tare (gm)
Wt Wet Soil & Tare (gm) (wl) Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2} Tare Weight (gm)
Weight of Tare (gm) (w3) Moisture Content (%)
Weight of Water (gm) (wd=wi-w2) Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Mois
Weight of Dry Soil (gm} (Wi=w2-w3) Weight Of Sample (gm) 193.62
Moisture Content (%) {(wd/w5)y*100 Tare Weight (gm} 42.91
(W6) Total Dry Weight (gm} 150.71
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt-Tare) (%0Retained) % PASS SIEVE
£.00 ] +Tare {(wt revws)* 100 {100-Y%ret) |
12.0" 12.0" cobbles
3.0" 3.0n coarse gravel
2.5" 2.5" coarse gravel
2.0 2.0" coarse gravel
1.5" 1.5" coarse gravel
1.0" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 6.50" fine gravel
0.375" 0.00 0.00 0.00 100.00 0.375"  fine gravel
#4 0.03 0.03 0.02 99.98 #4 coarse sand
#10 2.06 2.06 1.37 98.63 #10 medium sand
#20 8.48 8.48 5.63 94.37 #20 medium sand
#40 28.29 28.29 18.77 81.23 #40 fine sand
#60 82.14 82.14 54.50 45.50 #60 fine sand
#100 125.%0 125.90 83.54 16.46 #100 fine sand
#200 133.12 133.12 88.33 11.67 #200 fines
PAN PAN
% COBBLES 0.00 )
% C GRAVEL 0.00 Descriptive Terms > 10% mostly coarse (c}
% F GRAVEL 0.02 trace 0to 5% > 10% mostly medium (m}) LL -
% C SAND 1.35 little 5t0 12% < 10% f{ine (c-m) PL -
% M SAND 17.40 some 12 to 30% < 10% coarse (m-f) PI -
% F SAND 69.56 and 30 o 50% < 10% coarse and fine (m) Gs 2.676
% FINES 11.67 < 10% coarse and medium {f) )
% TOTAL 100.00 > 10% equal amounts each (c-f)
DESCRIPTION |Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt, trace fine gravel.
USCS | (SP-SM) , TECH PWM/RJ
DATE 5/30/00
CHECK O
REVIEW [ (ax.
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SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID | SsBS- 10 | -
SAMPLE TYPE Bag
TESTED FOR I GS _l_ SAMPLE DEPTH 22.0 - 24.0°
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, Inital (gm) (Wi) 203.85 AIR REMOVAL
Weight Soil and Tare, Final (gm) (W2) 203.50 METHOD
Weight Of Tare (gm) (W3) 51.72
Weight Of Moisture (gm) (W4=W1-W2) 0.35
Weight Of Drv Soil {gm) (W35=W2-W3) 151.78
Hygroscopic Moisture In (%) (HM=(W4/W 5)*100) 0.2%
Trial 1 o2 3
Pycnometer Number 11
Weight Pycnometer Empty (gm) (MD) 178.11
Weight of Soil & Pycnometer (gm) [~ 278.10
Weight of Soil, Water & Pycnometer (gm) (Mb)[ " 139.13
Observed Temperature (Tb), for (Mb) In Degrees C 23.0
Observed Temperature (Ta), for (Ma) In Degrees C 22.00
Weight of Pycnometer & Water (gm) {Ma @ Ta) 676.74
Relative Density of Water (@ (Ta) 0.99780G
Relative Density of Water @ (Tx) 0.99757
Correction Factor due to Temperature @Tx (K) 0.9993
Weight of Soil (gm) 99.99
Weight of Dry Seil (gm) {Mo) 9976
Weight of Pycnometer & Water (gm) (Ma) " 676.63
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+HMa - Mb))|*(K) | 2676 | [ ] E
Temp. (C)  Rel Density  Corr. (K) Temp. (C)  Rel Density - Corr. (K)
6.0 U.F98Y7 L.oou7 PERY 099745 [LR L2
16.50 0.99889 1.0007 24.00 0.99732 0.9991
17.00 0.99880 1.0006 24.50 0.99720 0.9990
Correction Values 17.50 0.99871 1.0005 25.00 0.99707 0.9988
Due To Temperature 18.00 0.99862 1.0004 2550 0.996%4 0.9987
18.50 0.99853 1.0003 26.00 0.99681 0.9986
19.00 0.99843 1.0002 26.30 0.99668 0.9984
19.50 0.99833 1.0001 27.00 0.99654 0.9983
20.00 0.99823 1.0000 27.50 0.99640 0.9982
20.30 0.99812 0.9999 28.00 0.99626 0.9980
21.00 0.99802 0.9998 28.50 0.99612 0.9979
21.30 0.99791 0.9997 29.00 (,99597 0.9977
22.00 0.99780 0.9996 29.50 0.99582 0.9976
22.50 0.99768 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 TECH 24

DATE | 573140

- - CHECK [ (%o

REVIEW [ o
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RESISTIVITY OF SOIL

ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE SALTIRES96-1100 IRON REACTIVE waLLva | SAMPLE ID SBS-10 | -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bj&

REMARKS SAMPLE DEPT 22.0-24.00

SAMPLE PREPARATION Sieved through the #8 Sieve [ No |

TEST APPARATUS Miller Soilbox and Nilsson 400 Soil Resistance Meter.

Identification:

USCS

clayey silt, trace fine gravel.

SPECIMEN (Point} 1 2 3 4
RESISTIVITY {(ochms-cm) 7,200 1,400
TEMP DEGREES (C} 20,0 22.0
RESISTIVITY @ 15.5 C (ohms-cm) 8,010 1,628
MOISTURE CONTENT
WET WEIGHT & TARE 247.07
DRY WEIGHT & TARE 193.62
TARE WEIGHT 42.91
WEIGHT OF MOISTURE (gm) 53.45
WEIGHT OF DRY SOIL (gm) 150.71
MOISTURE CONTENT (%) 35.47
10
8 -850
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MOISTURE CONTENT (%)
Description |Reddish Brown, MEDIUM TO FINE SAND, little

(SP-sM)y |

TECH
DATE
CHECK
REVIEW
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RESISTIVITY OF SOIL

ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE SALTIRE/96 1100 IRON REACTIVE waLLva | SAMPLE ID SBS-10 l -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag

REMARKS SAMPLE DEPT 22.0-24.0

SAMPLE PREPARATION Sieved through the #8 Sieve [ |

TEST APPARATUS Miller Soilbox and Nilsson 400 Soil Resistance Meter.

Identification:

SPECIMEN (Point) 1 2 4
RESISTIVITY (chms-cm) 4,200 71,200 1,400
TEMP DEGREES (C) 20.0 20.0 22.0
RESISTIVITY @ 15.5 C (ohms-cm) 4,673 8,010 1,628
MOISTURE CONTENT
WET WEIGHT & TARE 121.99 247.07
DRY WEIGHT & TARE 82.90 193.62
TARE WEIGHT $1.16 42.91
WEIGHT OF MOISTURE (gm) 39.09 53.45
WEIGHT OF DRY SOIL (gm) 31.74 150.71
MOISTURE CONTENT (%) 123.16 35.47
10
8 : TN}
6
—8—SBS-10 16-18'
047 —8—SBS-10 22-24'
4
2
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Description [Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt, trace fine gravel.
USCS (SP-SM) | TECH| PWM
DATE| 5/30/00
CHECK| (.
REVIEW[ 1.
GOLDER SIERRA AR301306
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med r Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID SBs-11 LL -
SAMPLE TYPE Bulk PL -
SAMPLE DEPTH 0.0-150 PI -
DESCRIPTION |Reddish Brown, MEDIUM TO FINE SAND, and
clayey silt, trace coarse to fine gravel.
USCs SM)
SALTIREM96-1100 [RON REACT WALL/VA TECH 8§
IC3-3822 DATE]| 6/1/400
CHECK| . i
REVIEW[ L.
7
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ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE SALTIRFE/996-1100 IRON REACT WALL/VA | SAMPLE 1D S$BS-11 -
PROJECT NO. 1C3-3822 SAMPLE TYFPE Bulk
REMARKS SAMPLE DEPTH 0.0 -15.0°
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture) Wet Soil & Tare (gm)
Wi Wet Soil & Tare (gm) (wl}] 713.68 Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2}] 62341 Tare Weight (gm)
Weigh‘t of Tare (gm) {(w3) 86.32 Moisture Content (%)
Weight of Water (gm) {(wd=wl-wl} 90.27 Total Weight Of Sample Used For Sieve Comected For Hygroscopic Moist
Weight of Dry Soil (gm) (wWi=w2-w3} 537.09 Weight Of Sample (gm) 20044.13
Moisture Content (%) (wd/w5y*100 16.81 Tare Weight (gm) 0.00
(W6) Total Dry Weight (gm) 20044.13
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt-Tare) (%Retained) % PASS SIEVE
0.00 | +Tare (ot cetiwey100  (100-%ret)
12.0" 120" . cobbles
307 ‘ 30" coarse gravel
25" 2.5" coarse gravel
20" ‘ 20" coarse gravel
1.5" 1.5" coarse gravel
1.0" 0.00 0.00 0.00 100.00 1.0" coarse gravel
0.75" 18.40 18.40 0.09 99.91 0.7s" fine gravel
0.50" 27.40 27.40 0.14 99.86 0.50" fine gravel
0.375" 36.70 36.70 0.18 99.82 0.375"  fine gravel
#4 47.80 47.80 0.24 99.76 Ha coarse sand
SPLITTING INFORMATION
Weight in pan, from coarse sieve stack 20044.13
Weight split for fine sieve stack 509.64
Percent of onginal weight in pan 2.34%
H8 0.15 0.15 0.03 99.73 #8 coarse sand
#16 1.79 1,79 0.35 99.41 #16 medium sand
#30 51.27 51.27 10.06 89.73 #30 medium sand
#50 225.92 225.92 44.33 55.54 #50 tine sand
#100 30341 303.41 59.53 40.37 #100 fine sand
#200 315.24 315.24 61.86 38.05 #200 fines
PAN PAN
% COBBLES * 0.00
% C GRAVEL 0.09 Descriptive Terms > [0% mostly coarse (c)
% F GRAVEL 0.15 trace 010 5% > 10% mostly medium (m) LL -
% C SAND 0.11 little 510 12% < 10% fine (c-m) PL -
% M SAND 26.94 some 12 to 30% < [0% coarse (m-f) Pl -
% F SAND 34.66 and 30 to 50% < 10% coarse and fine (m) Gs 2.676
% FINES 38.05 < 10% coarse and medium (f)
% TOTAL 100.00 > 10% equal amounts each (c-f)
DESCRIPTION {Reddish Brown, MEDIUM TO FINE SAND, and
clayey silt, trace coarse to fine gravel.
USCS (SM) TECH S8
DATE 6/1/00

CHECK
REVIEW
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MOISTURE / DRY DENSITY CURVE
D 698 METHOD A
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MOISTURE CONTENT %
MAXIMUM DRY DENSITY {pcf) 120.0
OPTIMUM MOISTURE (%) 12.5 NO CORRECTION REQUIRED
SAMPLE ID SBS-11 LL -
SAMPLE TYPE Builk PL -
SAMPLE DEPTH 0.0-150 PI -

DESCRIPTION [Reddish Brown, MEDIUM TO FINE SAND,
and clayey silt, trace coarse to fine gravel.

uscs! M|

SALTIRE/N96-100 IRON REACT WALL/VA

1€3-3822

TECH
DATE
CHECK
REVIEW
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MOISTURE DENSITY CURVES
ASTM D 698 & 1557

PROJECT TITLE SALTIRES96-100 IRON REACT WALL/VA TEST TYPE| D 698 ]
PROJECT NUMBER 1C3.3822 PROCEDCRE | METHGD A |
SAMPLE IDENTITY $BS-11 | 0o-150°
SAMPLE TYPE Bulk

TYPE COMPACTOR PREPARATION METHOD A: 20% OR LESS RETAINED ON %4
MOLD NUMBER 9 .
MOLD WEIGHT (gm} 2027.0¢ METHOD B: > 20% RETAINED ON #4 AND
MOLD DIAMETER (in) 4001 TYPE PROCTOR 0% OR LESS RETAINED ON /8"
MOLD HEIGHT (in) 4569
MOLD VOLUME (cu.ft) 00332 METHOD C: > 20% RETAINED ON X8 AND

5.5 -1bf. RAMMER WITH 12 INCH DROP <30% RETAINED ON 3/4"
WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED
FRACTION SAMPLE
Wt Tare & Soil (W1) 713.68 TOTAL WEIGHT, WET (COARSE & FINE)] 23413.00
Wt Tare & Soil (W2) 623.41 TOTAL WEIGHT, DRY (COARSE & FINE )| 2004413
Wt Tare w3 36.32 WEIGHT RETAINED ON #4 SIEVE (WET)|  47.30
Wt Moisture (Wa=Wt.W2) 0.00 9027 WEIGHT RETAINED ON 3/ SIEVE (WET)|  36.70
Wt Dry Soil (W5=W2-W3) 0.00 537.09 WEIGHT RETAINED ON 3/4" SIEVE (WET) 18.40
Water Content (dec) (we=WHWS) 0.1681 PERCENT RETAINED ON #4 SIEVE (DRY)|  0.24%
Water Content (%) (W4WE)*100 1581% PERCENT RETAINED ON 3/8" SIEVE (DRY)]  0.18%
PERCENT RETAINED ON 3/4” SIEVE (DRY)|  0.09%
POINT RESULTS (FINE) [ 1 | 2 | I e [ s ] |
Wt. Soil & Mold (W1y| 3688.00 3872.00 4041.00 4017.00 3956.00
Weight of Mold {W2) 2027.00 2027.00 2027.00 2027.00 2027.00
Wt. Of Wet Soil (W3=W1-W2) | 1661.00 1845.00 2014.00 1950.00 1929.00
Wet Density, wd (pcf) {W3/453.5*Vm) 11015 122.35 133.56 131.97 127.92
WATER CONTENTS
Wt Tare & Soil Wa| 18319 317.96 250.8% 337.04 266.73
Wt Tare & Soil WS | 26807 295 .61 229.15 299.93 23430
Wt Tare (W6) 50.99 5203 43.15 43.28 42.73
Wt Moisture WT=W4 W5 15.12 2235 21.74 3711 32.43
Wt Dry Soil (W8=W5-Ws) 21708 243.58 186.00 256 6% 191.57
Water Content (%) (WITWE* 100 69T% 9.18% 11.69% 14.46% 16.93%
Dry Density (pcf) {wdi(1+wc)) 103.0 1121 L19.6 1153 109.4
—
MAXIMUM DRY DENSITY (pcf) 120.0 DESCRIPTION |Reddish Brown, MEDIUM TO FINE SAND,
OPTIMUM MOISTURE CONTENT (%) 12.5 and clayey silt, trace coarse to fine gravet.
Corrected Maximum Dry Density (pef)
Corrected Optimum Molsture (%) USCs {SM) i
Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88
Weight of Oven Dry Sample (gm) A LL -
Weight of Saturated-Surface-Dry (gm) B PL -
Weight of Saturated Sample in Water (em) c PI -
Absorption of Oversize Particles (%) [(B-AVA]*100 MC 16.81%
Bulk Specific Gravity AIB-C) | | ]
TECH 33
AVERAGE ABSORPTION DATE | 513100
AVERAGE BULK SPECIFIC GRAVITY CHECK | v
REVIEW

GOLDER SIERRA
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SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA
PROJECT NUMBER IC3-3822 SAMPLE ID | sBS-11 |
. SAMPLE TYPE Bulk
TESTED FOR [ GS | SAMPLE DEPTH 0-15.0°
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, {rutal (gm) (W13 40.36 AIR REMOVAL
Weight Soil and Tare, Final (gm) (W2) 40.23 METHOD
Weight Of Tare (gm) (W3) 3.25
Weight Of Motsture (gm) (Wa=W1-W2) 0.13
Weight Of Dry Soil (gm) {W5=W2-W3) 36.98
Hygroscopic Moisture In (%) (HM=(W4/W5)*100) 0.4%
Tral 1 2 3
Pycnometer Number 15
Weight Pycnometer Empty (gm) (Mf) 218.43
Weight of Soil & Pycnometer (gm) 32018
Weight of Soil, Water & Pycnometer (gtn) (Mb) 780.19
Observed Temperature (Tb), for (Mb) In Degrees C 24.0
Observed Temperature (Ta), for (Ma) In Degrees C 21.50
Weight of Pycnometer & Water (gm) (Ma @ Ta) 716.94
Relative Density of Water @ (Ta) 0.99791
Relative Density of Water @ (Tx) 0.99732
Correction Factor due to Temperature @Tx (K 0.9991
Weight of Soil (gm) 101.75
Weight of Dry Soil (gm) {Mo) 101.39
Weight of Pycnometer & Water (gm) (Ma) 716.65
SPECTFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+(Ma - Mb))]*(K) | 2676 | | | W
Temp. (C) Rel Density  Corr. (K} Temp. (C) Rel Density  Corr. (K)
16.00 U.YY8Y/ 1.OUL7 23,00 U.v9/435 0.99Y2
16.50 0.99889 1.0007 24.00 0.99732 0.9991
17.00 0.99880 1.0006 24.50 0.99720 (.9990
Correction Values e 17.50 0.99871 1.0005 25.00 0.99747 0.998%8
Due To Temperature 18.00 0.99862 1.0004 25.50 0.99694 0.9987
18.50 0.99853 1.0003 26.00 0.99681 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 0.99833 1.0001 27.00 0.99654 0.9983
20.00 0.99823 1.0000 27.50 0.99640 0.9982
20.50 0.99812 0.9999 28.00 0.99626 0.9980
21.00 0.99802 09998 28.50 0.99612 0.9979
21.50 0.99791 0.9997 29.00 0.99597 0.9977
22.00 0.99780 0.9996 29.50 0.99582 0.9976
22.50 0.99768 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 TECH DH
DATE 6/2/00
CHECK | (xw
REVIEW (W
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med |  Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID SBS-11 LL -
SAMPLE TYPE Bag PL -
SAMPLE DEPTH . 26.0-28.0 PI -
DESCRIPTION |Reddish Brown, MEDIUM TO FINE SAND, little
clayey siit, trace fine gravel.
USCS| (sp-sM) |
SALTIRE/‘)%-II@ IRON REACTIVE WALL/VA TECH| PWM/RJ
IC3-3822 DATE| 5/30/00
CHECK o
REVIEW| MW
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ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217,D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/996-1100 IRON REACTIVE WALL/VA ] SAMPLE ID SBS - 11 -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEFTH 26.0 - 28.0'
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture) Wet Seil & Tare {gm)
Wi Wet Soil & Tare (gm) (wl) Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2) Tare Weight (gm)
Weight of Tare (gm) (w3) Moisture Content (%)
Weight of Water (gm) (wid=wl-w2) Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Mois
Weight of Dry Soil (gm) (wi=w2-w3) Weight Of Sample (gm) 207.85
Moisture Content (%) (wd/w5)*100 Tare Weight (gm) 51.58
(W6) Total Dry Weight (gm} 156.27
SIEVE ANALYSIS . Cumulative
Tare Weight Wt Ret (Wt-Tare) (%Retained} % PASS SIEVE
0.00 +Tare {(wrretws)*100  {100-%ret)
12.0" 12.0" cobbles
3.0" 30" coarse gravel
2.5" 25" coarse gravel
20" 2.0 coarse gravel
15" 1.57 coarse gravel
1L.o" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.00 0.00 0.00 100.00 0.375" fine gravel
44 1.60 1.60 1.02 98.98 #4 coarse sand
#10 5.90 5.90 3.78 96.22 #10 medium sand
#20 15.09 15.09 9.66 90.34 #20 medium sand
#40 29.23 29.23 18.70 81.30 #40 fine sand
#60 72.99 72.99 46.71 53.29 #60 fine sand
#100 120.35 120.35 77.01 22.99 #100 fine sand
#200 138.95 138.95 88.92 11.08 #200 fines
PAN PAN
% COBBLES 0.00
% C GRAVEL 0.00 Descriptive Terms > 10% mostly coarse (¢)
% F GRAVEL 1.02 trace Oto 5% > 10% mostly medium (m) LL -
% C SAND 2.75 little 5t 12% < 10% fine (¢c-m) PL -
% M SAND 14.93 some 12 to 30% < 10% coarse (m-f) PI -
% F SAND 70.21 and 30 to 50% < 10% coarse and fine (m) Gs 2.665
% FINES 11.08 < 10% coarse and medium (f)
% TOTAL 100.00 > 10% equal amounts each (c-f)
DESCRIPTION {Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt, trace fine gravel.
USCS | (SP-8M) | TECH PWM/RJ
DATE 5/30/00
CHECK (i
REVIEW (R~

GOLDER SIERRA
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SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID { sBs-11 ,
SAMPLE TYPE Bag
TESTED FOR [ GS | SAMPLE DEPTH 26.0 - 28.0'
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, Inital (gm) (Wn|  200.65 AIR REMOVAL
Weight Soit and Tare, Final (gm) (W2){  200.32 METHOD
Weight Of Tare (gm) (W3) 42.96
Weight Of Moisture (gm) (W4=W1-W2) 033
Weight Of Dry Soil (gm} (W5=W2-W3) 157.36
Hygroscopic Moisture In (%) (HM=(W4/W5)* 100} 0.2%
Trnial 1 .2 3
Pycnometer Number 17 ‘
Weight Pycnometer Empty (gm) (Mf) 190.67
Weight of Sotl & Pycnometer (gm) 250.70
Weight of Soil, Water & Pycnorneter (gm) (Mb) 751.51
Observed Temperature (Tb), for (Mb) In Degrees C 23.0
Observed Temperature (Ta), for (Ma) [n Degrees C 22.00
Weight of Pycnometer & Water (gm) (Ma @ Ta) 689.24
Relative Density of Water @ (Ta) 0.99780
Relative Density of Water @ (Tx) 0.99787
Correction Factor due to Temperature @Tx (K) 0.9993
Weight of Soil (gm) 100.03
Weight of Dry Soil (gm) (Mo) 99.82
Weight of Pycnometer & Water {(gm) (Ma) “689.13
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+(Ma - Mb))}*(K) [ 26| [ | 2.665 ||
— - ——
Temp. (C) Rel Density’ Corr. (K) Temp. (C)  Rel Density  Corr. (K)
Io.Uu U.9YsY7 UMY/ 2350 0.99745 03997
16.50 0.99889 1.0007 24.00 0.99732 0.9991
17.00 0.99880 1.0006 24.50 0.99720 (.9990
Correction Values 17.50 (.99871 1.0005 25.00 0.99707 .9988
Due To Temperature 18.00 0.99862 1.0004 25.50 0.9%654 0.9987
18.50 0.99853 1.0003 26.00 0.99681 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 0.99833 1.0001 27.00 0.99654 0.9983
20.00 0.99823 1.0000 27.50 0.99640 0.9982
20.50 (.99812 0.9999 28.00 0.99626 0.9980
21.00 0.99802 0.9998 28.50 0.99612 0.9979
21.50 0.997591 0.9997 29.00 0.99597 0.9977
22.00 0.99780 0.9996 29.50 0.99582 0.9976
22,50 0.99768 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 TECH K]

DATE [ 373170

CHECK W_,

REVIEW | Rpc
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RESISTIVITY OF SOIL
ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE SALTIRE/96.1100 IRON REACTIVE waLLvs | SAMPLE [D SBS - 11 I -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPT 26.0-28.0'

SAMPLE PREPARATION
TEST APPARATUS

Sieved through the #8 Sieve | No ]
Miller Scilbox and Nilsson 400 Soil Resistance Meter.

Identification:

SPECIMEN (Point) 1 2 3 4
RESISTIVITY (ohms-cm) 7,300 1,400
TEMP DEGREES (C) 20.0 22.0
RESISTIVITY @ 15.5 C (chms-cm) 8,121 1,628
MOISTURE CONTENT
WET WEIGHT & TARE 260.77
DRY WEIGHT & TARE 207.85
TARE WEIGHT 51.58
WEIGHT OF MOISTURE (gm) 52.92
WEIGHT OF DRY SOIL (gm) 156.27
MOISTURE CONTENT (%) 33.86
10
I |
8 MR
E
7
E .
$%° '
- 8 - R
= 1
£} [mSeries ]
=B 4
«
N7
b4
&
! 2
f 0 ¥
0 10 20 . 30 40 30
MOISTURE CONTENT (%)
e
Description |Reddish Brown, MEDIUM TO FINE SAND, little
clayey alt, trace fine gravel.
UsCs (SP-SM) | TECH| PWM
DATE| 5/30/00
CHECK| (2
REVIEW| /A~

GOLDER SIERRA
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med | Fine SILT OR CLAY
Boulders | Caobbles Gravel SAND FINES
SAMPLE ID SBS - 11 LL -
SAMPLE TYPE Bag PL -
SAMPLE DEPTH 32.0-34.0 Pl -
DESCRIPTION |Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt, trace fiie gravel.
USCS| (sP-3M) ]
SALTIRE/996-1100 IRON REACTIVE WALL/VA TECH| PWM/RJ
1C3-3822 DATE| 3/30/00
CHECK)]
REVIEW| /e

GOLDER SIERRA
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ASTM GRAIN SIZE ANALYSIS

ASTM D 421, D 2217, D 1140, C 117, D 422, C 136
PROJECT TITLE | SALTIRE/996-1100 IRON REACTIVE WALL/VA | SAMPLE ID SBS - 11 .
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 32.0 - 34.0°
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture) Wet Soil & Tare (gm)
Wi Wet Soil & Tare (gm) (wl) Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) {(w2) Tare Weight {gm)
Weight of Tare (gm) (w3) Moisture Content (%5)
Weight of Water (gm) (wad=wl-w2) Total Weight Of Sample Used For Sieve Cormrected For Hygroscopic Mois
Weight of Dry Soil (gm) (wi=w2-w3) Weight Of Sample (gm) 209.92
Moisture Content (%) (wdfw5)y*100 Tare Weight (gm) 51.90
(W) Total Dry Weight (gm) 158.02
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret {(Wt-Tare) (%Retained) % PASS SIEVE
0.00 +Tare f(wt revw6)y*100  (100-%oret)
120" 12.0" cobbles
3o 3.0" coarse gravel
2.5" 2.5" coarse gravel
2.0 2.0" coarse gravel
1.5" 1.5" coarse gravel
1.0" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.00 0.00 0.00 100.00 0.375"  fine gravel
#4 0.24 0.24 0.15 99 85 #4 coarse sand
#10 3.32 3.32 2.10 97.90 #10 medivm sand
#20 11.77 11.77 7.45 | 92.55 #20 medium sand
#40 20.54 20.54 13.00 §7.00 #40 fine sand
#60 74.37 74.37 47.06 52.94 #60 fine sand
#100 132.59 132.59 83.91 16.09 #100 fine sand
#200 140.26 140.26 88.76 11.24 #200 fines
PAN PAN
% COBBLES 0.00
% C GRAVEL 0.00 Descriptive Terms > 10% mostly coarse (¢)
% F GRAVEL 0.15 trace 0 to 5% > 10% mostly medium (m) LL -
% C SAND 1.95 little Sto 12% < 10% fine {c-m) PL -
% M SAND 10.90 some 12 to 30% < 10% coarse (m-f) Pl -
% F SAND 75.76 and 30 to 50% < 10% coarse and fine (m) Gs 2.731
% FINES 11.24 < 10% coarse and medium (f)
% TOTAL 100.00 > 10% equal amounts each (c¢-f)
DESCRIPTION |Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt, trace fine gravel.
USCS (SP-SM) I TECH PWM/RI
DATE 5730/00
\ CHECK { T
REVIEW (A

GOLDER SIERRA
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SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE SALTIRE/996-1180 IRON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID | sBs-11 -
. SAMPLE TYPE Bag
TESTED FOR [ GS l SAMPLE DEPTH 32.0 - 3400
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, Inital (gm) (W1 203.08 ATR REMOVAL
Weight Soil and Tare, Final (gm) (w2y| 202.51 METHOD
Weight Of Tare (gm) (w5130
Weight Of Moisture (gm) (Wa=W1-W2) 0.57
Weight Of Dry Seil (gm) (W5=W2-W3) 151.21
Hygroscopic Moisture In (%) (HM=(W4/W 5)* 100) 0.4%
Trial 1 2 3
Pycnometer Number 8
Weight Pycniometer Empty (gm) (MY 183.60
Weight of Soil & Pycnometer (gm) 283.60
Weight of Soil, Water & Pycnometer (gm) (Mb)[ T45.01
.Observed Temperature (Tb), for (Mb) In Degrees C 23.0
Observed Temperature (Ta), for (Ma) In Degrees C 22.00
Weight of Pycnometer & Water (gm) (Ma @ Ta) 681.96
Relative Density of Water @ (Ta) [~ 0.97780
Relative Density of Water @ (Tx) 0.99757
Correction Factor due to Temperature @Tx (K) 0.99593
Weight of Soil (gm) 100.00
Weight of Dry Soil (gm) (Mo} 99.62
Weight of Pycnometer & Water (gm) (Ma)[—__ 681.8%
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+Ma - Mb))|*(K) - L 2.731 | [
Temp. (C)  Rel Density Corr. (K) Temp. (C)  Rel Density  Corr. (K)
16.0Y U.5Y8Y/ 1.0U07 233U U.5Y745 U9y,
16.50 (.99889 1.0007 24.00 0.99732 0.9991
17.00 0.95880 1.0006 24.50 0.99720 0.9990
Correction Values « 17.50 0.9987] 1.0005 25.00 0.99707 0.9988
Due To Temperature 18.00 0.99862 1.0004 25.50 0.99694 0.9987
18.50 0.99853 1.0003 26.00 0.99681 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 0.99833 1.0001 27.00 0.99654 0.9983
20.00 (.99823 1.0000 27.50 0.99640 0.9982
20.50 0.99812 0.9999 28.00 (.99626 0.9980
21.00 0.99802 0.9998 28.50 0.99612 0.9979
21.50 0.99791 0.9997 29.00 0.99597 0.9977
22.00 0.99780 0.9996 29.30 0.99582 0.9976
22.50 (.99768 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 TECH ]
DATE | 5/31/00
CHECK OQ“-
REVIEW mp\,
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RESISTIVITY OF SOIL
ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE SALTIRES96-1190 IRON REACTIVE waLLva | SAMPLE D SBS - 11 ‘ -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag

REMARKS SAMPLE DEPT 32.0-34.00

SAMPLE PREPARATION Sieved through the #8 Sieve | No J

TEST APPARATUS Miller Seilbox and Nilsson 400 Soil Resistance Meter.

Identification:

SPECIMEN (Point)

TARE WEIGHT

RESISTIVITY (ohms-cm)
TEMP DEGREES (C)
RESISTIVITY @ 15.5 C (ohms-cm)

WET WEIGHT & TARE
DRY WEIGHT & TARE

WEIGHT OF MOISTURE (gm)
WEIGHT OF DRY SOIL (gm)
MOISTURE CONTENT (%)

MOISTURE CONTENT

268.90

209.92

158.02

RESISTIVITY (ohms-cm)
{Thousands)

|
B Serniesl

m34

20 30 40 50

MOISTURE CONTENT (%)

Description

Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt, trace fine gravel.

USCS

(SP-SM)

TECH

il

PWM

DATE

5/30/00

CHECK

A~

REVIEW

(R

AR301319
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ATTERBERG LIMITS

ASTM D 4318
PROJECT NAME: GSL/IC6-3831 GALFL
PROJECT NUMBER: [C3.3822
SAMPLE ID: S$BS-11 MPLE DEPT 42.0 - 44.0'
SAMPLETYPE: Bag
SAMPLE PREPARATION
Wet or Dry Minus #40 Sieve Yes
PLASTIC LIMIT DET ERMINATION LIQUID LIMIT DETERMINATION NATURAL MOISTURE
Number of Biows 25 25
Weight of Wet Soil & Tare (pn 23.11 22.60 20.41 15.94 17.15 ' TRIAL | | TRIAL2 258.70
Weight of Dry Soil & Tare (gm) 20.80 20.3% 18.58 11.74 12.53 181.43
Waight of Tare {(gm) 11.40 11.43 11.12 4.29 427 BLOWS: 25 s 52.44
'Weight of Water (gm} 2.31 2.21 1.83 4.20 4.62 77.27
Weight of Dry Soil {gm) 9.40 8.96 7.46 7.45 8.26 K VALUE: 1 1 128.99
Water Content % 24.57 24.67 24.53 56.38 55.93 59.90
PLASTIC LIMIT (PL} LIQUID LIMIT (LL)
-
PLASTICITY INDEX (PI} LIQUIDITY INDEX (LI)
NOTE: DESCRIPTION Gray, SILTY CLAY, some medipm 1o fine sand
UsCs CH I
PLASTICITY CHART
160 -
90 —
- I ’
80 = ————
70 — =
& b A
560 = CHor O 7
=] 4
E s /
50 /
= -
3 . /
- -~
; 40 - “ ’ /
" 30 o ° / MH|or OH
20 —~+-€L-or "p/‘
10 -
B ”
TR r ML or OL
0 |
0 20 30 40 50 60 70 80 .90 100 116 120 130
LIQUID LIMIT (LL)
TECH CH
DATE| 6/2/00
CHECK [ [7WAr
REVIEW
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422

US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med |  Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
-
SAMPLE ID S$BS-11 LL 56
SAMPLE TYPE Bag PL 25
SAMPLE DEPTH 42.0-44 0 PI 31
DESCRIPTION |Gray, SILTY CLAY, some medium to fine sand.
USCS CH l
SALTIRE/®96-1100 [RON REACTIVE WALL/VA TECH TJ
iC3-3822 DATE] 35/30/00
CHECK| (g~
(A

GOLDER SIERRA
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ASTM GRAIN SIZE ANALYSIS
ASTM C117,C136, D421, D422, D1140 and D2217

PROJECT TITLE [SALTIRE/996-1100 IRON REACTIVE WALL/VA | SAMPLE ID SBS-11 | -
PROJECT NO. IC3-3822 | SAMPLE TYPE Bag
SAMPLE DEPTH 42,0 - 44.0¢
AS RECEIVED WATER CONTENT Hygroscopic Moisture Wet So1l & Tare (gm) 25.13
Tare No. - For Sieve Sample Dry Soil & Tare (gm) 24.68
Wi. Wet Soil & Tare (gm) Wiy 25870 Tare Weight (gm) 319
Wt Dry Soil & Tare (gm) (W2) 181.43 Moisture Content (%) 2.09
Weight of Tare (gm) (W3) 52.44 Total Weight of Sample Used For Sieve Analysis Corrected For Hygroscopic Moisture
Weight of Walter (gm) (W4=W1-W2) 77.27 Weight + Tare, Before Separating On The 44 Sieve (gm) 339.03
Weight of Dry Soil (gm) (W5=W2.W3) 128.99 Tare Weight (gm) 0.00
Moisture Content (%) (W4/W3)*100 59,90 Total Weight {gm) 332.08 |(ws)
Plus #4 Material Sieve (Wi+Tare}  (((W1-TareYW6)*100) *PASSING
TARE WEIGHT 12.0" 12.0™  cobbies
J.o" 3.0" coarse gravel
1.5" 2.5 coarse gravel
2.0 2.0" coarse gravel
1.5" 1.5" coarse gravel
L.O" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.375"  fine gravel
#d .00 0.0 100.0 B4 coarse sand
HYDROMETER ANALYSIS
Weight of Sample Used For Hydrometer Test
Specific Gravity (assumned)
Specific Gravity (tested) 2.734 Weight of Sample Wet or Dry (gm) 50.47
Arount Dispersing Agent (ml) 125.00 Caiculated Dry Wt. used in test (gm) 49.43
Type Dispersion Device Mechanical Hydrometer Bulb Number 624378
Eength of Dispersion Period I Minute % Pass #4 Sieve For Whole Sampie 100.00
TARE WEIGHT HYDROMETER BACKSIEVE (Percent Passing #10 - #200 Sieves)
Cumu} Wt
(Wt+Tare) Retained % PASSING
#o 0.12 0.12 99.8 48 medium sand
w20 0.19 0.19 99.6 w20 medium sand
a0 0.93 0.93 98.1 W40 fine sand
w60 1.48 1.48 97.0 w60 fine sand
#100 3.39 3.39 93.1 #100 fine sand
#200 7.19 7.19 85.5 #200 fines
HYDROMETER CALCULATIONS
DATE TIME ET READING | TEMP TEMP.COR. HYD.COR. READING |EFFECTIVE
5/31/00 10:54 {min) R T K Ce C LENGTH A
5/31/00 10:56 2.00 43.0 21.50 0.013 6.00 37.00 10.2 0.99
5/31/00 10:59 5.00 41.0 21.50 0.013 6.00 35.00 10.6 0,99
5/31/00 11:09 15.00 40.0 21.50 0.013 6.00 34.00 10.7 0.99
5/31/00 11:24 30.00 35.0 21.50 0.013 6.00 29.00 11.5 0.99
5/31/00 11:54 60.00 32.0 21.50 0.013 5.00 26.00 12.0 0.99
5/31/00 15:04 250.00 26.0 21.50 0.013 6.00 20.00 13.0 0.99
6/1/00 10:54 1440.00 20,0 22.00 0.013 6.00 14.00 14.0 0.99
GRAIN SIZE PERCENTAGES
Particle Diameter % PASSING |% COBBLES 0.00 Description |Gray, SILTY CLAY, some medium to fine sand,
0.0296 741 % COARSE GRAVEL 0.00
a.0l9t 70.1 % FINE GRAVEL 0.00 USCS CH ]
00111 681 % COARSE SAND 0.24
0 0081 58.1 % MEDIUM SAND 1.64 56 LL
0.0059 521 % FINE SAND 12.66 25 PL
o 0030 40.1 v FINES 85 .46 M Pl TECH TJ
9.0013 28.0 % TOTAL SAMPLE 100.00 DATE] 5/30/00
CHECK: Il{% ‘
REVIEW
GOLDER SIERRA AR301322



SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID [ sBs-1n ]_
SAMPLE TYPE Bag
TESTED FOR [ G5 SAMPLE DEPTH 42.0 - 44.0'
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, [nital (gm) (W1) 81.30 AIR REMOVAL
Weight Soil and Tare, Finaf (gm) (W2) B1.25 METHOD
Weight Of Tare (gm) (W3) 52.54
Weight Of Moisture {(gm) (Wa=W1-W2) 0.05
Weight Of Dry Seil (gm) (W5=W2-W3) 28.71
Hygroscopic Moisture In (%o) (HM=(W4/W5)* 100} 0.2% .
Trial 1 2 3
Pycnometer Number 25
Weight Pycnometer Erapty (gm) (M) 177.66
Weight of Soil & Pycnometer (gm) 277.67
Weight of Soil, Water & Pycnometer (gm) (Mb) 739.39
Observed Temperature (Tb), for (Mb) In Degrees C 23.0
Observed Temperature (Ta), for (Ma) In Degrees C 21.50
Weight of Pycnometer & Water (gm) (Ma @ Ta) 676.22
Relative Density of Water @ (Ta) I 0.99791
Relative Density of Water @ (Tx) ¢.99757
Correction Factor due to Temperature @Tx (K) 0.9993
Weight of Soil (gm) 100.01
Weight of Dry Soil (gm) Mo) 99.84
Weight of Pycnometer & Water (gm) {Ma) 676.05
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+Ma - Mb))]*(K) [ 2734 | ] ] 2754 |
“Temp. (C)  Rel Density  Corr. (K) Temp. (C)  Rel Density  Corr. (K)
16.00 U.WYEYY 1.Uou/ 2330 0.59/45 OYYY2
16.50 0.59889 1.0007 24.00 0.99732 0.9991
17.00 0.99880 1.0006 24.50 0.99720 0.9990
Correction Values 17.50 0.99871 1.0005 25.00 0.99707 0.5988
Due To Temperature 18.00 0.99862 1.0004 25.50 0.996%4 0.9987
18.50 0.99853 1.0003 26.00 (.99681 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 0.99833 1.0001 27.00 0.99654 0.9983
20.00 0.99823 1.0000 27.50 0.99640 0.9982
20.50 0.99812 0.9999 28.00 0.99626 0.9980
21.00 0.99802 0.9958 28.50 0.99612 0.9979
21.30 0.99791 0.9997 29.00 0.99597 0.9977
22.00 0.99780 0.9996 29.50 0.99582 0.9976
22.50 0.99768 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 ' TECH &
DATE | 5/31/00
CHECK U\’W’

GOLDER SIERRA

AR301323




RESISTIVITY OF SOIL
ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE SALTIRE®96-1100 IRON REACTIVE waLLva | SAMPLE ID SBS- 11 I -
PROJECT NO. [1C3-3822 SAMPLE TYPE Bag

REMARKS SAMPLE DEPT 42.0-44.0°

SAMPLE PREPARATION Sieved through the #8 Sieve | No |

TEST APPARATUS Miller Soilbox ana Nilsson 400 Soil Resistance Meter.

Identification:

GOLDER SIERRA

SPECIMEN (Point) 1 2 3 4
RESISTIVITY (ochms-cm) 520 1,400
TEMP DEGREES (C) 22.0 22.0
RESISTIVITY (@ 15.5 C (ohms-cm) 605 1,628
MOISTURE CONTENT
WET WEIGHT & TARE 124.32
DRY WEIGHT & TARE 93.30
TARE WEIGHT 43.27
WEIGHT OF MOISTURE (gm) 31.02
WEIGHT OF DRY SOIL (gm) 50.03
MOISTURE CONTENT (%) 62.00
10
]
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MOISTURE CONTENT (%)
L |
Description (Gray, SILTY CLAY, some medium to fine sand.
USCs CH | TECH[ PWM
DATE| 5/30/00
CHECK _fg‘%_
vt g REVIEW
v " -
ARIVTILY



RESISTIVITY OF SOIL
ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE SALTIREA96-1100 IRON REACTIVE waLLva | SAMPLE ID SBS- 11
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPT -
SAMPLE PREPARATION Sieved through the #8 Sieve | No }

TEST APPARATUS Miller Scilbox and Nilsson 400 Soil Resistance Meter.

Identification:

SAMPLE DEPTH 32.0-34.0° 32.0 - 34.0' 42.0 - 44.0°
SPECIMEN (Point) 1 2 3 4
RESISTIVITY (chms-cm) 7,300 3,100 520 1,400
TEMP DEGREES (C) 20.0 20.0 22.0 22.0
RESISTIVITY @ 15.5 C (ochms-cm) 8,121 3,449 605 1,628
MOISTURE CONTENT
WET WEIGHT & TARE 260.77 268,90 124.32
DRY WEIGHT & TARE 207.85 209.92 93.30
TARE WEIGHT 51.58 51.90 43.27
' 'WEIGHT OF MOISTURE (gm) 52.92 58.98 31.02
WEIGHT OF DRY SOIL (gm) 156.27 158.02 50,03
MOISTURE CONTENT (%) 33.86 37.32 62.00
10 T 7
] W81
E
i
£x
=% ~@—5BS-1132-34 |-
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0
0 10 20 30 - 40 50 60 70
MOISTURE CONTENT (%)
I
Description [Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt, trace fine gravel.
USCS (sp-sM) | TECH| PWM
DATE| 5/30/00
CHECK
REVIEW| (AW

GOLDER SIERRA

AR

301325



PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med | Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID SBS - 12 LL -
SAMPLE TYPE Bag PL -
SAMPLE DI;PTH 300-32.0 Pl -
DESCRIPTION |Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt, trace fine gravel,
Uscs| _spsm) |
SALTIRE/996-1100 [RON REACTIVE WALL/VA TECH| PWM/RJ
1C3-3822 DATE| 5/30/00
CHECK| (Xw~
REVIEW| [RA

GOLDER SIERRA

AR30T376




ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/996-1100 IRON REACTIVE WALL/VA | SAMPLEID | sBS-12 -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 30.0 - 32.0°
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture} Wet Soil & Tare (gm)
Wt Wet Soil & Tare (gm) (wl) Dry Soil & Tare {gm)
Wt Dry Soil & Tare (gm) (w2) Tare Weight (gm)
Weight of Tare (gm) (w3) Moisture Content (%)
Weight of Water (gm) (wd=wl-w2) Total Weight Of Sample Used For Sieve Comrected For Hygroscopic Mois
Weight of Dry Soil (gm) (wi=w2-w3} Weight Of Sample (gm) 198.48
Moisture Content (%} (wdiw3)*100 Tare Weight {(gm) 51.78
(W6) Total Dry Weight (gm) 146.70
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt-Tare) (%Retained) % PASS SIEVE
0.00 I +Tare {(wrrevweyr100  (100-%ret)
12.0" 12.0" cobbles
3.0" 3.0" coarse gravel
2.5" 2.5" coarse gravel
2.0" 2.0" coarse gravel
1.5" .57 coarse gravel
1.o" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" {ine gravel
0.375" 0.00 0.00 0.00 100.00 0.375" fine gravel
H4 0.70 0.70 0.48 99.52 #4 coarse sand
#10 2.24 2.24 1.53 98.47 #10 medium sand
#20 572 572 3.90 . 96.10 #20 medium sand
#40 15.96 15.96 10.88 £9.12 #40 fine sand
#60 76.87 76.87 52.40 47.60 #60 fine sand
#100 123.39 123.39 84.11 15.89 #100 {ine sand
#200 130.16 130.16 88.73 11.27 #200 fines
PAN PAN
% COBBLES 0.00
% C GRAVEL 0.00 Descriptive Terms > 10% mostly coarse (¢}
% F GRAVEL 0.48 trace 0to 5% > 10% mostly medium (m) LL -
% C SAND 1.05 little 5t 12% < 10% fine (c-m}) PL -
% M SAND 9.35 some 12 to 30% < 10% coarse (m-f) PI -
% F SAND 717.85 and 30 to 50% < 10% coarse and fine (m) Gs 2,728
% FINES 11.27 < 10% coarse and medium ()
% TOTAL 100.00 > 10% equal amounts each (¢c-f)
DESCRIPTION |Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt, trace fine gravel.
USCS | (SP-SM) I TECH PWM/RIJ
DATE 5/30/60
. CHECK (-
REVIEW (AN

GOLDER SIERRA

AR3

01327




SPECIFIC GRAVITY OF SOILS
ASTM D-854
PYCNOMETER METHOD

PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID | sBs-12
. SAMPLE TYPE Bag
TESTED FOR | GS J SAMPLE DEPTH 30,0 - 32,00
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, Inital (gm) (w1 164.34 AIR REMOVAIL
Weight Soil and Tare, Final (gm) (W2)] 163.75 METHOD
Weight Of Tare (gm) (W) 42.10
Weight Of Moisture (gm) (W4=W1-W2) 0.59
Weight Of Dry Seil (gm) (W5=W2-W3) 121.65
Hygroscopic Moisture [n (%) (HM=(W 4/ W 5)*100) 0.5%
Tnal 1 2 3
Pycnometer Number 16
Weight Pycnometer Empty (gm) (M) 171.51
Weight of Soil & Pycnometer (gm) 271.52
Weight of Soil, Water & Pycnometer (gm) (Mb) 73222
Observed Temperature (Tb), for (Mb) In Degrees C 23.0
Observed Temperature (Ta), for (Ma) In Degrees C 22.50
Weight of Pycnometer & Water (gm) (Ma @ Ta) 669.20
Relative Density of Water (@ (Ta) 0.99768
Relative Density of Water @ (Tx) 0.997%7
Cormrection Factor due to Temperature @Tx (K 0.9993
Weight of Soil (gm) 100.01
Weight of Dry Seil (gm) (Mo) 99.53
Weight of Pycnometer & Water (gm) (Ma) 669.15
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+HMa - Mb))|*(K) - ‘ 2.728 | | J 2.728 ||
Temp. (C)  Rel Density  Corr. (K) Temp. (C)  Rel Density  Corr. (K)
16.04) 0998y 7 1.0007 PRI U.59745 Yy
16.50 0,99889 1.0007 24.00 0.99732 0.9991
17.00 0:99880 1.0006 24.50 0.99720 0.9990
Correction Values < 17.50 0.99871 1.0005 25.00 0.99707 0.9988%
Due To Temperature 18.00 0.99862 1.0004 25.50 0.996%4 0.9987
18.50 0.99853 1.0003 26.00 0.99681 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 (.99833 1.0001 27.00 0.996354 0.9983
20.00 0.99823 1.0000 27.50 0995640 0.9982
20.50 0.99812 0.9999 28.00 0.99626 0.9980
21.00 0.99802 0.9998 28.50 0.99612 0.9979
21.50 0.99791 0.9997 29.00 0.99597 0.9977
22.00 0.99780 0.9996 29.50 0.99582 0.9976
22.50 0.99768 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 TECH KT
DATE | 5/31/400
CHECK ORn-
REVIEW m,
GOLDER SIERRA

AR301328




RESISTIVITY OF SOIL

ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE wALLVA | SAMPLE ID SBS - 12 I -
PROJECT NO, IC3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPT 30.0 - 32.0¢
SAMPLE PREPARATION Sieved through the #8 Sieve | No |
TEST APPARATUS Miller Seilbox and Nilsson 400 Soil Resistance Meter,
Identification:
SPECIMEN (Point) 1 2 3 4
RESISTIVITY (ochms-cm) 10,000 1,400
TEMP DEGREES (C) 20.0 22.0
RESISTIVITY ‘@ 15.5 C (chms-cm) 11,125 1,628
MOISTURE CONTENT
WET WEIGHT & TARE 258.77
DRY WEIGHT & TARE 196.48
TARE WEIGHT _ 51.78
WEIGHT OF MOISTURE (gm) 62.2%
WEIGHT OF DRY SOILL (gm) 144.70
MOISTURE CONTENT (%) 43.05
12
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Description [Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt, trace fine gravel.

USCS (SP-sM) |

GOLDER SIERRA

TECH

PWM

DATE

5/30/00

CHECK

REVIEW

hdiP



PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES

12" £ s ._i""j' it R0 g0, Q40 . 60, 4100 'ﬁLﬂ

GOLDER SIERRA AR301330

!00 : LI LAEEEL L] L ) 4 L] L) L M
i ] TE ! T k Lk A ’ T i ‘ J ]
J f | 1
90 1 ] : T [ \ ] l L T T [
80 [ k e L Ny 1 -+
| x |
. HIRE |
% | \
| 4 |
A 60 + | T
S
S 50 1
I
N
G a0 +-
¥ \
30 \
20 L\
10
0 M i
1000 100 10 ! 0.1 0.01 0.001
Grain size in millimeters
Coarse | Fine Cor | Med |  Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID SBS - 12 LL -
SAMPLE TYPE Bag PL -
SAMPLE DEPTH 340-36.0 PI -
DESCRIPTION |Reddish Brown, MEDIUM TO FINE SAND, littie
clayey silt.
USCS|_(sP-5M) |
SALTIRE/996-1100 IRON REACTIVE WALL/VA TECH| PWM/RJ
1C3-3822 DATE| 330100
CHECK] (W
REVIEW| [An
=T




ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/996-1100 IRON REACTIVE WALL/VA ] SAMPLE ID SBS - 12 -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 34.0 - 36.0'
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Délivered Muisture) Wet Soil & Tare (gm})
Wt Wet Soil & Tare (gm) {(wh) Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2) Tare Weight (gm)
Weight of Tare (gm) {w3) Moisture Content (%)
Weight of Water (gm) (wad=wl-w2) Total Weight Of Sample Used For Sieve Cormrected For Hygroscopic Mois
Weight of Dry Soil {gm) (W5=w2-w3) Weight Of Sample (gm) 229.90
Moisture Contenit (%) (wd/w5)*100 Tare Weight (gm) 51.66
(Ws) Total Dry Weight (gm) 178.24
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret {(Wt-Tare) (%Retained) % PASS SIEVE
0.00 ] +Tare {(wtretrws)n 100 (100-%ret) )
12.0" ) 12.0° cobbles
3.0" 30" coarse gravel
2.5" . 25" coarse gravel
20" 20" coarse gravel
1.5" 1.5" coarse gravel
1.0 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.56" fine gravel
0.375" ‘ 0.375"  [ine gravel
#4 0.00 0.00 0.00 100.00 #4 coarse sand
#10 9.21 9.21 5.17 94 83 #10 medium sand
#20 27.70 27.70 15.54 84,46 #20 medivm sand
#40 39.87 35.87 22.37 7763 #40 fine sand
#60 81.63 81.63 45.80 54.20 #60 fine sand
#100 148.35 148.35 83.23 16.77 #100 fine sand
#4200 159.45 159.45 89.46 10.54 #200 fines
PAN PAN
% COBBLES 0.00
% C GRAVEL 0.00 Descriptive Terms > 10% mostly coarse (c)
% F GRAVEL 0.00 trace Oto 5% > 10% mostly medium (m) LL -
% C SAND P 517 little 5t012% < 10% fine {c-m) PL -
% M SAND 17.20 sorne 12 to 30% < 10% coarse (m-f) PI -
% F SAND 67.09 and 30 to 50% < 10% coarse and fine {m) Gs 2.693
% FINES 10.54 < 10% coarse and medium (f)
% TOTAL 100.00 > 10% equal amounts each (c-f)
DESCRIPTION jReddish Brown, MEDIUM TO FINE SAND, little
clayey silt. '
USCS | (SP-SM) I TECH PWM/RJ
' DATE 5/30/00
CHECK %
REVIEW (W

AR301331

GOLDER SIERRA




RESISTIVITY OF SOIL

ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE SALTIRES961100 [RON REACTIVE wALLVA | SAMPLE ID SBS - 12 | -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag

REMARKS SAMPLE DEPT 34.0 - 36.0'

SAMPLE PREPAR.A TTON Sieved through the #8 Sieve t No |

TEST APPARATUS Miller Soilbox and Nilsson 400 Soil Resistance Meter.

Identification:

SPECIMEN (Point) 1 2 3 4
RESISTIVITY (ohms-cm) 980 1,400
TEMP DEGREES (C) 21.0 22.0
RESISTIVITY @ 15.5 C (ohms-cm) 1,115 1,628
MOISTURE CONTENT
WET WEIGHT & TARE 291.27
DRY WEIGHT & TARE 229.90
TARE WEIGHT 51.66
WEIGHT OF MOISTURE (gm) 61.37
WEIGHT OF DRY SOIL (gm) 178.24
MOISTURE CONTENT (%) 34.43
10
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Description |[Reddish Brown, MEDIUM TO FINE SAND, little

clayey silt.
USCS (SP-SM) | TECH| PWM
DATE| 5/30/00
CHECK| (AL
REVIEW| (A

GOLDER SIERRA

AR301332




RESISTIVITY OF SOIL
ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE SALTIREA96-i100 IRON REACTIVE wALLVA | SAMPLE ID SBS - 12
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag_
REMARKS SAMPLE DEPT -

SAMPLE PREPARATION

Sieved through the #8 Sieve | - No |
Miller Soilbex and Nilsson 400 Scil Resistance Meter.

TEST APPARATUS
Identification:
SAMPLE DEPTH 30.0 - 32.0¢ 34.0 - 36.0¢
SPECIMEN (Point) 1 2 3 4
RESISTIVITY (chms-cm) 10,000 980 : 1,400
TEMP DEGREES (C) 20.0 210 22.0
RESISTIVITY @ 15.5 C (ohms-cm) 11,125 1,115 1,628
MOISTURE CONTENT
WET WEIGHT & TARE 258.77 291.27
DRY WEIGHT & TARE 196.48 229.90
TARE WEIGHT 51.78 51.66
WEIGHT OF MOISTURE (gm) 62,29 61.37
WEIGHT OF DRY SOIL (gm) 144.70 178.24
MOISTURE CONTENT (%) 43.05 34.43
|
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i
I Description |Reddish Brown, MEDIUM TO FINE SAND, little
clayey silt.
USCS (SP-SM) TECH| PWM
DATE| 5/30/00
CHECK| (WL
REVIEW| (i

GOLDER SIERRA

AR301333
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PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med | Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID| SBS-13 - LL -
SAMPLE TYPE Bag PL -
SAMPLE DEPTH 24.0 - 26.0' PI -
DESCRIPTION]| Yellow Brown, MEDIUM TO FINE SAND, some
clayey silt.
USCS] (SM)
SALTIRE/996-1100 IRON REACTIVE WALL/VA TECH .3
1C3-3822 DATE| 7/27/00
CHECK
REVIEW JR"’

GOLDER SIERRA

AR30133b




ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

GOLDER SIERRA

PROJECT TITLE | SALTIRE/996-1100 IRON REACTIVE WALL/VA ] SAMPLE ID SBS-13 I -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 24.0 - 26.0'
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Maisture) Wet Soil & Tare (gm)
Wt Wet Soil & Tare (gm) (wl) Dry Soil & Tare {(gm)
Wt Dry Soil & Tare (gm) (w2) Tare Weight (gm)
Weight of Tare (gm) (w3) Moisture Content (%)
Weight of Water (gm) {(wd=wl-wl) Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Moisture
Weight of Dry Soil (gm) (w5 =wl-w3) Weight Of Sample (gm) 182.13
Meoisture Content (%) (wa/w5)*100 Tare Weight (gm) 43.13
(W6) Total Dry Weight (gm) 139.00
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt-Tare) (%Retained) % PASS SIEVE
0.00 ] +Tare {(wt revw6)*100  (100-%ret)
o 12.0" 12.0" cobbles
3.0 3.0° coarse gravel
2.5 2.5"  coarse gravel
2.0" 2.0" coarse gravej
1.5" 1.5" coarse gravel
1.0" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.375" fine gravel
#4 0.00 0.00 0.00 100.00 #4 coarse sand
#8 0.50 0.50 0.36 99.64 #8 coarsc sand
#16 6.07 6.07 4.37 95.63 #16 medium sand
#30 20.84 20.84 14.99 85.01 #30 medium sand
#50 53.57 53.57 38.54 61.46 #50 fine sand
#100 100.17 100.17 72.06 27.94 #100 fine sand
#200 106.42 106.42 76.56 23.44 #200 fines
PAN PAN
% COBBLES 0.00
% C GRAVEL 0.00 Descriptive Terms > 10% mostly coarse (¢}
% F GRAVEL 0.00 trace Dws5% > 10% mostly medium (m) LL -
% C SAND 1.32 little 5t012% < 10% fine (¢c-m) PL -
. % M_SAND 25.39 some 1210 30% < 10% coarse (m-f) Iy | -
% F SAND 49.85 and 3010 50% < 10% coarse and fine (m) Gs 2.670
% FINES 23.44 < 10% coarse and medium (f)
% TOTAL 100.00 > 10% equal amounts each (c-f)
DESCRIPTION |Yeliow Brown, MEDIUM TO FINE SAND, some
clayey silt. '
uscs [ My | TECH RJ
DATE 7127100
CHECK (A
REVIEW (A~

AR301335




SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
A
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID | sa-13 | -
' SAMPLE TYPE Bag
TESTED FOR [ GS | SAMPLE DEPTH 24.0 - 26.0'
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, Inital (gm) ' 2)) 79.79 AIR REMOVAL
Weight Soil and Tare, Final (gm) w2  79.78 METHOD
Weight OF Tare (gm) w3y 5182
Weight Of Moisture (gm) (Wa=W1-W2) 0.01
Weight Of Dry Soil (gm} (WS =W2-W3) 27.96
Hygroscopic Moisture In (%) (HM = (W4/W5)*100) 0.0%
Trial 1 2 3
Pycnometer Number 19
Weight Pycnometer Empty (gm) M 177.09
Weight of Soil & Pycnometer (gm) 277.09
Weight of Soil, Water & Pycnometer {gm) (Mb)| 738.18
Observed Temperature (Tb}, for (Mb) In Degrees C 22.0
Observed Temperature (Ta), for (Ma) In Degrees C 21.50
Weight of Pycnometer & Water (gm) {(Ma @ Ta) 675.69
Relative Density of Water @ (Ta) 0.99791
Reiative Density of Water @ (Tx) 0.99780
Correction Factor due to Temperature @Tx K) 0.9996
Weight of Soil (gm) 100.04
Weight of Dry Soil (gm) (Mo) 99.96
Weight of Pycnometer & Water (gm) (Ma) 675.64
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+ (Ma - Mb))]*(K) - 2.670 | I | [ 2.670 ]
Temp. (C) Rel. Density Corr. (_K) Temp. (C) Rel. Density Corr. (K)
16.00 0.99897 1.0007 23.50 0.99745 0.9992
16.50 0.99889 1.0007 24.00 0.99732 0.9991
17.00 0.99880 1.0006 24.50 0.99720 0.9990
Correction Values 17.50 0.99871 1.0005 25.00 0.99707 0.9988
Due To Temperature 18.00 0.99862 1.0004 25.50 0.99694 0.9987
18.50 0.99853 1.0003 26.00 0.99681 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 0.99833 1.0001 || 27.00 0.99654 0.9983
20.00 0.99823 1.0000 27.50 0.99640 0.9982
20.50 0.99812 0.99%9 28.00 0.99626 0.9980
21.00 0.99802 0.9998 28.50 0.99612 0.9979
21.50 0.99791 0.9997 29.00 0.99597 0.9977
22.00 0.99730 0.9996 29.50 0.99582 0.9976
22.50 0.99768 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 TECH RJ
DATE 7/26/00
CHECK G(U)t
REVIEW | /Al

AR301336
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RESISTIVITY OF SOIL
ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE  !saLTIRE®-1108 IRON REACTIVE wALLvA| SAMPLE ID SBS-13
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPT 24.0 - 26.0"
SAMPLE PREPARATION Sieved through the #8 Sieve | No i
TEST APPARATUS Miller Soilbox and Nilsson 400 Soil Resistance Meter.
Identification:
SPECIMEN (Point) 1 2 3 4
RESISTIVITY (ohms-cm) 5,200
TEMP DEGREES (C) 19.0
RESISTIVITY @ 15.5 C (ohms-cm) 5,655
MOISTURE CONTENT
WET WEIGHT & TARE 258.06
DRY WEIGHT & TARE 182.13
TARE WEIGHT 43.13
WEIGHT OF MOISTURE (gm) 75.93
WEIGHT OF DRY SOIL (gm) 139.00
MOISTURE CONTENT (%) 54.63
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MOISTURE CONTENT (%)
Description|Yellow Brown, MEDIUM TO FINE SAND, some
clayey silt.
uscs! ' SM | TECH| RJ
DATE{ 7/25/00
CHECK
REVIEW| ()

GOLDER SIERRA
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PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med | Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID| $BS-13 LL .
SAMPLE TYPE Bag PL -
SAMPLE DEPTH 28.0 - 30.0¢ P1 -
DESCRIPTION]| Yellow Brown, MEDIUM TO FINE SAND, some
clayey silt.
USCS (SM)
SALTIRE/996-1100 IRON REACTIVE WALL/VA TECH RJ
1C3-3822 DATE| 7/27/00
CHECK| (AW
REVIEW| [‘Ap~

GOLDER SIERRA




ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/996-1100 IRON REACTIVE WALL/VA | SAMPLEID | SBS13 | -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 28.0 - 30.0°

WATER CONTENT (Delivered Moisture}

Hygroscopic Moisture For Sieve Sample

Wet Soil & Tare (gm)

Wi Wet Soil & Tare (gm} (w1} Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2) Tare Weight {(gm)
Weight of Tare {gm) (w3) Moisture Content (%)
Weight of Water {(gm) (wéd=wl-w2) Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Moisture
Weight of Dry Soil (gm) (WS =w2-w3) Weight Of Sample (gm) 188.04
Moisture Content (%) {wa/w5)y*100 Tare Weight (gm) 4228
(W6) Total Dry Weight (gm}) 145.76
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt-Tare) (%Retained) % PASS SIEVE
0.00 | +Tare {(wt ret/w6y*100  (100-%ret)
12.0" 12.0" cabbles
3.0" 3.0" coarse gravel
2.5" 2.5" coarse gravel
2.0" 2.07 coarse gravel
‘1.5" 1.5" coarse gravel
1.0" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.375" fine gravel
#4 0.00 0.00 0.00 100.00 #4 coarse sand
#8 0.25 0.25 0.17 99.83 #8 coarse sand
#16 2.23 2.23 1.53 98.47 #16 medium sand
#30 7.03 7.03 4.82 95.18 #30 medium sand
#50 43.29 43.29 29.70 70.30 #50 fine sand
#100 108.73 108.73 74.60 25.40 #100 fine sand
#200 113.09 113.09 77.59 22.41 #200 fines
PAN PAN
% COBBLES 0.00
% C GRAVEL 0.00 Descriptive Terms > 10% mostly coarse (c)
% F GRAVEL 0.00 trace 0to 5% "> 10% mostly medium (m) LL -
% C SAND 0.50 little 5t012% < 10% fine (c-m) PL -
% M SAND 16.70 some 1210 30% < 10% coarse (m-f) PI -
% F SAND 60.39 and 30to0 50% < 10% coarse and fine (m) Gs 2.678
% FINES 22 .41 < 10% coarse and medium (f)
% TOTAL 100.00 > 10% equal amounts each (c-f)
DESCRIPTION |Yellow Brown, MEDIUM TO FINE SAND, some
clayey silt.
USCS (SM) I TECH RJ
DATE 7127100
CHECK (R
REVIEW .Ajp/

GOLDER SIERRA
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SPECIFIC GRAVITY OF SOILS
ASTM D-854
PYCNOMETER METHOD

PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID | sa-1s | -
SAMPLE TYPE Bag
TESTED FOR | GS - SAMPLE DEPTH 28.0 - 30.0'
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, Inital {gm) wp|  76.80 AIR REMOVAL
. Weight Scil and Tare, Final {gm) (W2) 76.71 METHOD
Weight Of Tare (gm) w3 43.14
Weight Of Moisture (gm} (W4=W1-W2) 0.09
Weight Of Dry Soil (gm) (W5 =W2.W3) 33.57
Hygroscopic Moisture In (%) . (HM = (W4/W5)*100) 0.3%
Tral 1 2 3
Pycnometer Number 17
Weight Pycnometer Empty (gm) (Mf) 190.71
Weight of Soil & Pycnometer (gm) 290.72
Weight of Soil, Water & Pycnometer (gm) (Mb}|  751.7§
Observed Temperature {Tb), for (Mb) In Degrees C 22.0
Observed Temperature (Ta), for (Ma) In Degrees C 22.00
Weight of Pycnometer & Water (gm) (Ma @ Ta) 689.24
Relative Density of Water @ (Ta) 0.99780
Relative Density of Water @ (Tx) 0.99780
Correction Factor due to Temperature @Tx (K) 0.9996
Weight of Soil (gm) 100.61
Weight of Dry Soil (gm) (Mo} 99.74
Weight of Pycnometer & Water (gm) (Ma) 689.24
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo-+(Ma - Mb))J*(K) 2678 | | | 2678 |
Temp. (C) Rel. Density Corr. (K) Temp. (C)  Rel, Density  Corr, (K)
16.00 0.99897 1.0007 231.50 0.99745 0.9992
16.50 0.9938% 1.0007 24.00 0.99732 0.9991
17.00 0.99880 1.0006 24.50 0.99720 0.9990
Correction Values 17.50 0.99871 1.0005 25.00 0.99707 0.9988
Due To Temperature 18.00 0.99862 1.0004 25.50 0.99694 0.9987
18.50 0.99853 1.0003 26.00 0.99681 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 0.99833 1.0001 27.00 0.99654 0.9983
20.00 0.99823 1.0000 27.50 0.99640 0.9982
20.50 0.99812 0.9999 28.00 0.99626 0.9980
21.00 0.99802 0.9998 28.50 0.99612 0.9979
21.50 0.99791 0.9997 29.00 0.99597 0.9977
22.00 0.99780 0.9996 29.50 0.99582 0.9976
22.50 0.99768 (.9995 30.00 0.99567 0.9974
23.00 0.99757 (.9993 : TECH RI
DATE 7/26100
CHECK [ (A~
REVIEW [ (AW

GOLDER SIERRA
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RESISTIVITY OF SOIL

ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE | saLTmRE®S:1100 ON REACTIVE waLLva | SAMPLE ID SBS-13
PROJECT NO, 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPT 28.0 - 30.¢
SAMPLE PREPARATION Sieved through the #8 Sieve | No
TEST APPARATUS Miller Soilbox and Nilsson 400 Soil Resistance Meter.
Identification:
SPECIMEN (Point) 1 2 3 4
RESISTIVITY (ohms-cm) 3,500
TEMP DEGREES (C) 18.5
RESISTIVITY @ 15.5 C (ohms-cm 3,763
MOISTURE CONTENT
WET WEIGHT & TARE 257.07
DRY WEIGHT & TARE 188.04
TARE WEIGHT 42.28
WEIGHT OF MOISTURE (gm) 69.03
WEIGHT OF DRY SOIL (gm) 145.76
MOISTURE CONTENT (%) 47.36
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MOISTURE CONTENT (%)
Description| Yellow Brown, MEDIUM TO FINE SAND, some
clayey silt,
USCS (SM) | TECH| RJ
DATE| 7/25/00
CHECK
REVIEW /‘%

GOLDER SIERRA
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PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med [ Fine SILT OR CLAY
Boulders | Cobbles Gravel” SAND FINES
SAMPLE ID| SBS-13 LL -
SAMPLE TYPE Bag _ PL :
SAMPLE DEPTH 32.0-34.0' P1 -
DESCRIPTION| Yellow Brown, MEDIUM TO FINE SAND, and
clayey silt.
USCS (SM)
SALTIRE/996-1100 TRON REACTIVE WALL/VA TECH RJ
1C3-3822 DATE| 72710
CHECK b
REVIEW WA

GOLDER SIERRA
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ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/996-1100 IRON REACTIVE WALL/VA ] SAMPLE ID SBS-13 -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 32.0 - 4.0°
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture) Wet Soil & Tare (gm)
Wt Wei Soil & Tare (gm) (wl) Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2) Tare Weight (gm)
Weight of Tare (gm) (w3) Moisture Content (%)
Weight of Water (gm) {(wd =wl-w2} Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Moisture
Weight of Dry Seil (gm) (w5 =w2-w3}) Weight Of Sample (gm) 180.20 '
Moisture Content (%) {wd/w5)*100 Tare Weight (gm) 50.69
: (W6) Total Dry Weight (gm) 129.51
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt-Tare) (%Retained) % PASS SIEVE
0.00 J +Tare {(wt ret'w6)*100 _ (100-%ret)
12.0" 12.0" cobbles
3o 3.0" coarse gravel
2.5" 2.5" coarse gravel
2.07 2.0" coarse gravel
1.5" 1.5" coarse gravel
1.0" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.00 0.00 0.00 100.00 0.375" fine gravel
#4 0.72 0.72 0.56 99.44 #4 coarse sand
#3 4.92 4.92 3.80 96.20 H#B coarse sand
#16 15.96 15.96 12,32 87.63 #16 medium sand
#30 25.56 25.56 19.74 80.26 #30 medium sand
#50 46.44 46.44 35.86 64.14 #50 fine sand
#100 83.57 83.57 64.53 35.47 #100 fine sand
#200 86.80 86.80 67.02 32.98 #200 fines
PAN PAN
% COBBLES 0.00
% C GRAVEL 0.00 Descriptive Terms > 10% mostly coarse (c)
% F GRAVEL 0.56 trace Oto 5% > 10% mostly medium (m) LL -
% C SAND 5.28 little 5t 12% < 10% fine {c-m} PL -
% M SAND 21.92 some 12 to 30% < 10% coarse {m-f) PI -
% F SAND 39.27 and 30 te 50% < 10% coarse and fine (m) Gs 2.680
% FINES 32.98 < 10% coarse and medium (f)
% TOTAL 100.00 > 10% equal amounts each (¢-f)
DESCRIPTION |Yellow Brown, MEDIUM TO FINE SAND, and
clayey silt.
USCS | (SM) TECH RJ
DATE 7127700
CHECK (X
REVIEW { AU

GOLDER SIERRA
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SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID [ sa-17 | -
SAMPLE TYPE Bag
TESTED FOR [ GS | SAMPLE DEPTH 32.0 - 34.0'
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, Inital {gm) W]  94.96 AIR REMOVAL
Weight Soil and Tare, Final (gm) (W2) 94.88 METHOD
Weight Of Tare (gm) oy 5123
Weight Of Moisture (gm) (Wd=W1-W2) 0.08
Weight Of Dry Soil (gm) (W5 =W2-W3) 43.65
Hygroscopic Moisture In (%) (HM = (W4/W5)*100) 0.2%
Tnal 1 2 3
Pycnometer Number 29
Weight Pycnometer Empty (gm) (Mf)] 187.75
Weight of Soil & Pycnometer (gm) 287.75
Weight of Soil, Water & Pycnometer (gm) (Mb)|  748.78
Observed Temperature (Tb), for (Mb) In Degrees C 22.0
Observed Temperature (Ta}, for (Ma) In Degrees C 22.00
Weight of Pycnometer & Water (gm) (Ma @ Ta) 686.19
Relative Density of Water @ (Ta) 0.99780
Relative Density of Water @ (Tx) 0.99780
Correction Factor due to Temperature @Tx (K} 0.9996
Weight of Soil (gm) 100.00
Weight of Dry Soil (gm} {Mo) 99.82
Weight of Pycnometer & Water (gm) {Ma) 686.19
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+ (Ma - Mb))]*(K) [ 2680] T | [ "2.680 |
Temp. (C) Rel. Density Corr. (K) Temp. (C) Rel. Density Corr. (K)
16.00 0.99897 1.0007 23.50 0.99745 0.9992
16.50 0.99889 1.0007 24.00 0.99732 0.9991
17.00 0.99830 1.0006 24.50 0.99720 0.95%0
Correction Values 17.50 0.99871 1.0005 25.00 0.99707 0.9988
Due To Temperature 18.00 0.99862 1.0004 25.50 0.99694 0.9987
18.50 0.99853 1.0003 26.00 0.9968] 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 0.99833 1.0001 27.00 0.99654 0.9983
20.00 0.99823 1.0000 27.50 0.99640 0.9982
20.50 0.99812 0.9999 28.00 0.99626 0.9980
21.00 (.99802 0.9998 23.50 0.99612 0.9979
21.50 0.99791 0.9997 29.00 0.99597 0.9977
22.00 0.99780 0.9996 29.50 0.99582 0.9976
22.50 0.99768 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 TECH 23
DATE TI26/00
‘ CHECK | (ak
REVIEW | Ofyy.
)
GOLDER SIERRA A R 3 0 , 3 "' l'"




RESISTIVITY OF SOIL
ASTM G-57 AND U.S. DOT FP-85

PROJECT TITLE | saLtiRes96-1100 IRON REACTIVE WALLvA | SAMPLE ID SBS-13
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPT 32.0-M.0'
SAMPLE PREPARATION Sieved through the #8 Sieve ]_ No j
TEST APPARATUS Miller Soilbox and Nilsson 400 Soil Resistance Meter.
Identification:

I Lowest resistivity |
SPECIMEN (Point) 1 2 3 ‘ 4
RESISTIVITY (ohms-¢m) 2,700
TEMP DEGREES (C) 19.0
RESISTIVITY @ 15.5 C (ohms<m 2,936

MOISTURE CONTENT

WET WEIGHT & TARE 241.46
DRY WEIGHT & TARE 180.20
TARE WEIGHT 50.69
WEIGHT OF MOISTURE (gm) 61.26
WEIGHT OF DRY SOIL (gm) 129.51
MOISTURE CONTENT (%) 47.30
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Description|[Yeliow Brown, MEDIUM TO FINE SAND, and
clayey silt.
Uscs (SM) B TECH| R}
DATE[ 7/25/00
CHECK{ [ Al
REVIEW| [\
S
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ATTERBERG LIMITS

ASTM D 4318
PROJECT NAME: SALTIREA96-1100 [RON REACTIVE WALL/VA
PROJECT NUMBER: {C3-3822
SAMPLE ID: SBD -2 SAMPLE DEPTH: 57.0 - 5.0
SAMPLE TYPE: Bag
SAMPLE PREPARATION
Wet or Dry Minus #40 Sieve Yes
PLASTIC LIMIT DETERMINATION LIQUID LIMIT DETERMINATION NATURAL MOISTURE
Tumber of Blows ] g
Weight of Wet Soil & Tare (gm) 25.85 22.18 22,43 28.02 26.50 199,94
Weight of Dry Soil & Tare (gm) 22.20 19.52 19.71 22.29 21.36 156.63
Weight of Tare (gm} 11.41 11.40 1131 4.30 4.34 42.9%
Weight of Water (gm} 3.65 2.66 2.72 5.73 5.14 43.31
Weight of Dry Seil (gm) 10,79 8.12 8.40 17.99 17.02 113.70
Water Content % 33.83 3276 32.38 31.85 30.20 18.09
PLASTIC LIMIT (PL) LIQUID LIMIT (LL}
P
PLASTICITY INDEX (P) . LIQUIDITY INDEX (LD)
NP
NOTE: DESCRIPTION|Gray, FINE SAND, some clayey silt.
USCS| SM ,
r PLASTICITY CHART
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TECH DH
DATE! 6/9/00
cHeck | LAl

GOLDER SIERRA
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422

US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med | Fine SILT ORCLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID SBD-2 LL NP
SAMPLE TYPE Bag PL NP
SAMPLE DEPTH 57.0-59.0 P1 NP
DESCRIPTION |Gray, FINE SAND, some clayey silt.
USCS sM I
SALTIRE/96-1100 [RON REACTIVE WALL/VA TECH{ RNSW
1C3-3822 DATE| 6/8/00
CHECK| (Al
REVIEW ;"4&,

GOLDER SIERRA
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ASTM GRAIN SIZE ANALYSIS

ASTM Ct117, C136, D421, D422, D1140 and D2217

PROJECT TITLE | SALTIRE/996-1100 IRON REACTIVE WALL/VA ] SAMPLE ID SBD-1 l -
PROJECT NO. 1C3-3822 | SAMPLE TYPE Bag
SAMPLE DEPTH £7.0 - 59.0°
AS RECEIVED WATER CONTENT Hygroscopic Moisture Wet Soil & Tare (gm) 57.92
Tare No B For Sieve Sample Dry Soil & Tare (gm) 57.21
Wt Wet Soil & Tare (gm) {W1) 199.94 Tare Weight (gm) 3.24
Wt. Dry Soil & Tare (gm) w2) 136.63 Moisture Content (%) 1.32
Weight of Tare (gm) (W3) 42.93 Total Weight of Sample Used For Sieve Analysis Corrected For Hygroscopic Moisture
Weight of Watsr (gm) (Wa=W1-W2) 4331 Weight + Tare, Before Separating On The #4 Sieve {gm) 837.16
Weight of Dry Soil (g) ws=wa.wn| 11370 Tare Weight (gm) | 242.44
Moistare Content (%) wawsy*ioo [ 3809 Total Weight (gm) |  587.00 |(ws)
Plus #4 Material Sieve (Wi+Tars)  (((Wt-Tare)/ W6)*100) % PASSING
TARE WEIGHT 120" 120 cobbles
3.0 3.0 coarse gravel
1.5" 25" coarse gravel
2.0m 2.0 coarse gravel
15" 1.5" coarse gravel
1.0" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.375"  [fine gravel
LT} 0.00 0.0 100.0 W4 coarse sand
HYDROMETER ANALYSIS
Weight of Sampte Used For Hydrometer Test
Specific Geavity {assumed) 2.650
Specific Gravity (tested) Weght of Sample Wet or Dry (gm) 57.56
Amount Dispersing Agent (mD) 125.00 Caleulated Dry W, used in test (gm) 56.81
Type Dispersion Device Mechanical Hydrometer Bulb Number 624378
Length of Dispersion Period 1 Minute % Pass #4 Sieve For Whole Sample 100.00
tareweignt || 600 || HYDROMETER BACKSIEVE (Percent Passing #10 - #200 Sieves)
Cumul Wt
{Wt+Tare) Retained % PASSING
#10 0.07 0.07 99.9 #10 medium sand
#20 0.18 0.18 99.7 W20 medium sand
#40 0.70 0.70 98.8 #40 fine sand
%80 19.51 19.51 65.7 #50 fine sand
#100 20.80 20.80 63.4 #100 fine sand
¥100 42.92 42.92 14.5 #2100 fines
HYDROMETER CALCULATIONS
DATE T‘I;ME ET READING | TEMP TEMP.COR. HYD.COR. | READING |EFFECTIVE
6/9/00 916 {min) R T K Cc c LENGTH A
6/9/00 18 2.00 15.0 21.50 0014 6.00 9.00 148 1.00
6/9/00 9:21 5.00 14.0 21.50 0.014 6.00 2.00 150 1.00
6/9/00 9:31 15,00 12.0 21.50 0.014 6.00 6.00 15.3 .00
6/9/00 G946 30.00 1.9 21.50 0014 6.00 5.00 15.5 1.00
6/9/00 10:16 60.00 10.0 21.50 2.014 6.00 4.00 15.6 1.00
6/9/00 13:26 250.00 9.0 21.50 0.014 6.00 3.00 158 1.00
6/10/00 16 1440.00 8.5 21.00 0.014 6.00 2.50 16.0 1.00
GRAIN SIZE PERCENTAGES
Pacticle Diameter % PASSING |% COBBLES 0.00 Descriptioanray, FINE SAND, some clayey silt.
0.0367 158 % COARSE GRAVEL (.00
0.0234 141 % FINE ORAVEL (.00 USCS SM I
0.0138 10.6 % COARSE SAND 0.12 '
0.0097 38 % MEDIUM SAND 1.11 NP LL
0.0069 70 % FINE SAND 74.31 NP PL
0.0034 5.3 % FINES 2445 NP Pl TECH| RJSW
0.0014 44 % TOTAL SAMPLE 100.00 DATE{ 6/8/00
CHECK] (AN
REVIEW | {Aln
GOLDER SIERRA A R 3 0 l 3 l-l 8




ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/®96-1100 IRON REACTIVE WALL/VA | SAMPLE ID SBD-2 | -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 59.0 - 61.0°
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture) Wet Soil & Tare (gm)
Wt Wet Soil & Tare (gm) (wl}| 400.20 Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2)| 294.20 Tare Weight {gm)
Weight of Tare (gm) (w3) 0.00 Motsture Content (%)
Weight of Water (gm) (wd=w1-w2) 106.00 Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Mois
Weight of Dry Soil (gm) (wi=w2-w3) 294.20 Weight Of Sample (gm) 123.08
Motsture Content (%) (wa/wS5)*100 36.03 Tare Weight {gm) 51.35
(w6) Total Dry Weight (gm) 71.73
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt-Tare) (%Retained) % PASS SIEVE
51.35 | +Tare fwe revws)* 100 (100-Yoret)
12.0" 12.0" cobbles
30" 3o coarse gravel
2.5" 2.5" coarse pravel
20" 20" coarse gravel
1.5 1.5" coarse gravel
1.0" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.375"  fine gravel
#4 #4 coarse sand
#10 #10 medium sand
#20 #20 medium sand
#40 #40 fine sand
#60 #60 fine sand
#100 #100 fine sand
#200 102.54 51.19 71.36 238.64 #200 fines
PAN PAN
% COBBLES
% C GRAVEL Descriptive Terms > 10% mostly coarse (c)
% F GRAVEL trace 0to 5% > 10% mostly medium (m) LL -
% C SAND little S5to 12% < 10% fine (c-m) PL -
% M SAND some 12 to 30% < 10% coarse (m-f) P1 -
% F SAND and 30 10 50% < 10% coarse and fine (m) Gs -
% FINES 28.64 < 10% coarse and medium (f)
% TOTAL > 10% equal amounts each (c-f)
DESCRIPTION |Gray, FINE SAND, some clayey silt.
USCS (SM) TECH IS
DATE 10/18/00
CHECK e
REVIEW ( I;w—
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ATTERBERG LIMITS

ASTM D 4318
PROJECT NAME: SALTIRE/996-1100 IRON REACTIVE WALL/VA
PROJECT NUMBER: 1C3-3822
SAMPLE ID: SBD-2 SAMPLE DEPTH: 83.0-850"
SAMPLE TYPE: Bag

3AMPLE PREPARATION
Wet or Dry

tNumber of Blows

Weight of Wet Soil & Tare (gm)
Weight of Dry Seal & Tare (gm)

Weight of Tare (gm)
Weight of Water (gm)
Weight of Dry Soi (gm)
Water Content %4

Minus #40 Sieve Yes

PLASTIC LIMIT DETERMINATION LIQUID LIMIT DETERMINATION NATURAL MOISTURE
32 28 21 16
26.15 24.27 22.78 17.82 19.79 17.02 21.12 199.94
23.86 22.21 21.04 14.23 15.70 13.54 17.06 162.30
11.84 11.48 11.87 4.33 4.26 4.28 6.73 51.81
2.29 2.06 1.74 3.59 4.09 348 4,06 37.64
12.02 10.73 .17 9.90 11.44 9.26 10.33 110.49
19.05 19.20 18.97 36.26 35.75 37.58 39.30 34.07
PLASTIC LIMIT (PL) LIQUID LIMIT (LE)

PLASTICITY INDEX (PT) LIQUIDITY INDEX (LI)

NOTE: DESCRIPTION|Gray, FINE SAND, and silty clay.
uscs|__ SC__§
PLASTICITY CHART
60 K >
} P
i 50 2 CHarOH y.
= 40 f— < /
& g /
# .
5] 4
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zZ .
E 30 4 4
g 2
3 ,“CLorOL
J .
= 20 . Va [ “%
: e * / MH or|OH
" . . / |
AP / ML o} OL
}
0 ' . l | |
0 10 20 30 40 50 60 70 20 90 100 il
. LIQUID LIMIT (LL) . J
{
tecu|{ CH
DATE [ 679700
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med | Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
-
SAMPLE ID SBD-2 LL 37
SAMPLE TYPE Bag PL 19
SAMPLE DEPTH 83.0-85.0 Pl 18
DESCRIPTION |Gray, FINE SAND, and silty clay.
USCS sC I
SALTIRE/®96-1100 IRON REACTIVE WALL/VA TECH| RY)SW
1C3-3822 DATE| 6/8/00
CHECK| (AW
REVIEW[ (AW
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ASTM GRAIN SIZE ANALYSIS

ASTM C117, C136, D421, D422, D1140 and D2217

PROJECT TITLE | SALTIRE/96-1100 IRON REACTIVE WALL/VA | SAMPLE ID sep-2 | -
PROJECT NO. 1C3-3822° | SAMPLE TYPE Bag
SAMPLE DEPTH 83.0 - 85.0°
AS RECEIVED WATER CONTENT Hygroscopic Moisture Wel Soil & Tare (gm) 56.39
Tare Na - For Sieve Sample Dy Soil & Tare (gm) 54.08
Wi, Wet Soil & Tare (gm) owh|  199.94 Tare Weight (gm) 3.16
Wt Dry Soil & Tare (gm) (W32) 162.30 Moisture Content {%4) 4.54
Weght of Tare (gm}) (W3 5181 Total Weight of Sample Used For Sieve Analysis Corrected For Hygroscopic Moisture
Weight of Water (gm) (W4=W1-W2) 3764 Weight + Tare, Before Separating On The #4 Sieve (gm) 953.51
Weight of Dry Soil (gm) ws=w2wan| 11049 Tare Weight (gm) | 235.21
Masture Conters (%} (wawsy00 | 3407 Total Weight am) | 687.13 bwe
Plus #4 Material Sieve (WtrTare) (((Wi-Tare)/W6)*100) % PASSING
TARE WEIGHT 120" 120" cobbles
3.0 3.0 coarse gravel
2.5" 2.5" coarse gravel
zor 20" coarse gravel
1.8 1.5" coarse gravel
1.0m 1.0" coarse gravel
0.75" 0.75" fine gravel
¢.50" 0.50" fine gravel
0.375" 0.375"  fine gravel
#4 .00 0.0 100.0 H4 coarse sand
HYDROMETER ANALYSIS
Weight of Sample Used For Hydrometer Test
Specific Gravity (assumed) 2.650 )
Specific Gravity {tested) Weight of Sample Wet or Dry {gm) 57.67
Amount Dispersing Agent (ml) 125.00 Caleulated Dry Wi used in test (gm) 5517
Type Duspersion Device Mechanical Hydrometer Bulb Number 624378
Length of Dispersion Period 1 Minule % Pass #4 Sieve For Whole Sample 100.00
tareweiont 000 ]| HYDROMETER BACKSIEVE (Percent Passing #10 - #200 Sieves)
Cumui Wt
(Wt+Tare) Retained % PASSING
#10 0.00 0.00 100.0 #10 medium sand
#20 006 0.06 99.9 #20  medium sand
#40 0.22 0.22 99.6 #40 {ine sand
#60 0.48 0.48 9.1 #60 fine sand
#100 1.58 1.58 7.1 #100 fing sand
#2100 321 11.21 43.4 #200 fines
HYDROMETER CALCULATIONS
DATE TIME ET READING TEMP TEMP.COR. HYD.COR. READING | EFFECTIVE
6/9/00 9:14 (min) R T K Ce C LENGTH A
6/9/00 9:16 2.00 250 21.50 0014 5.00 19.00 13.2 1.00
6/9/00 9:19 5.00 24.0 21.50 0.014 6.00 18.00 133 1.00
6/9/00 9:29 15.00 23.0 21.50 0.014 6.00 17.00 13.5 1.00
6/9/00 9:44 ) 30.00 220 21.50 0.0t4 6.00 16.00 13.7 1.00
5/9/00 10:14 60.00 215 21.50 0.014 §.00 15.50 13.8 1.00
/9,00 13:24 250.00 205 21.50 0.014 6.00 [4.50 14.0 L.00
6/10/00 9:14 1 440.00 18.5 21.00 0.014 6.00 12.50 143 1.00
GRAIN SIZE PERCENTAGES
Particle Diameter % PASSING |*% COBBLES 0.00 Description]Gray, FINE SAND, and silty clay.
0.0347 344 % COARSE GRAVEL 0.00
0.0220 326 % FINE GRAVEL 0.00 USCS 5C [
0.0128 308 % COARSE SAND 0.00
0.0091 30 % MEDIUM SAND 0.40 37 LL
0.0065 28.1 * FINE SAND $6.17 19 PL
00032 26.3 % FINES 4343 18 PI TECH| RJVSW
00013 227 % TOTAL SAMPLE 100.00 DATE] 6/8/00
CHECK| R
LW
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ATTERBERG LIMITS

PROJECT NAME.:

ASTM D 435t8

SALTIRE/996-1100

IRON REACTIVE WALL/VA

PROJECT NUMBER: IC3-3822
SAMPLE ID: SBD -3 SAMPLE DEFTH: 71.0-73.0'
SAMPLE TYPE: Bag

SAMPLE PREPARATION
Wet or Dry

Number of Blows

Weaight of Wet Soal & Tare {gm
Weight of Dry Soul & Tare (gm)
Wetght of Tare (gm)

Weight of Water (gm)

Weight of Dry Soil (gm)

Water Content %

PLASTIC LIMIT DETERMINATION

Minus #40 Sieve Yes

LIQUID LIMIT DETERMINATION

35 29 24 17
25.18 21.63 19.18 17.16 17.64 15.93 18.10
23.06 20.09 17.96 12.78 13.90 11.8% 13.14
11.40 11.39 11.08 4.30 6.62 4.32 4.29
2.12 1.54 1.22 4.38 3.74 4.04 4.96
11.66 8.70 6.88 8.48 7.28 7.57 8.85
18.18 17.70 17.73 51.65 51.37 53.37 56.05

PLASTIC LIMIT (PL)

PLASTICITY INDEX (P)

LIQUID LIMIT (LL)

LIQUIDITY INDEX (LI)

NATURAL MOISTURE

[68.43

130.63

52.08

37.80

7R.58

48.10

DESCRIPTION|Gray, SILTY CLAY, some fine sand.

NOTE:
USCS CH I
PLASTICITY CHART
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422

US STANDARD SIEVE OPENING SIZES

GOLDER SIERRA
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Grain size in millimeters
Coarse | Fine Cor | Med |  Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
L ]
SAMPLE ID SBD-3 LL 53
SAMPLE TYPE Bag PL 18
SAMPLE DEPTH 71.0-73.0 PI 35
DESCRIPTION {Gray, SILTY CLAY, some fine sand.
USCS| CH |
SALTIRE/996-1100 IRON REACTIVE WALL/VA TECH| RJSW
1C3-3822 DATE} &/8/00
CHECK]| [7w/
AR30 1355 revew[ (e

¥




ASTM GRAIN SIZE ANALYSIS

ASTM C117,C136, D421, D422, D1140 and D2217

PROJECT TITLE [ SALTIRE/996-1100 IRON REACTIVE WALL/VA | SAMPLE ID SBD-3 |
PROJECT NO. 1C3-3822 [ SAMPLE TYPE Bag
SAMPLE DEPTH 71.0- 73.0°
AS RECEIVED WATER CONTENT Hygroscopic Moisture Wet So1l & Tare {gm) 59.83
Tare No - For Sieve Sample Dry Soil & Tare (gm) 57.68
‘Wt Wet Soil & Tare: (gm) (W1) 168.43 Tare Weight (gm) 3.23
Wt Dry Soil & Tare (gm) w2l 130.63 Moisture Cantent (%) 3.95
Weight of Tare (gm) w3) 52.05 Total Weight of Sample Used For Sieve Analysis Corrected For Hygroscopic Moisture
Weight of Water {gm} (Wd=W1-W2) 37.80 Waeght + Tare, Before Separating On The #4 Sieve (gm) 684.75
Weight of Dry Soul (gm) (W5=W2.W3) 78.58 Tare Weight (gm) 218.95%
Moisture Content (%) (W4/WS5y*100 48.10 Total Weight (gm) 448.11 {(Ws)
Plus #4 Material Sieve (Wt+Tare)  (((Wt-TareyW6)*100) %PASSING
TARE WEIGHT 120" 128" cobbles
3.0" 30" coarse gravel
2.5" 2.5" coarse grave|
2.0" 2.0" coarse gravel
.87 1.5" coarse gravel
1.o” 1.0" coarse gravel
0.75" 0.75"  fine gravel
0.50" 0.50" fine yavel.
0.375" 0.375"  fine gravel
B4 0.00 0.0 10:0.0 H4 coarse sand
HYDROMETER ANALYSIS
Weight of Sample Used For Hydrometer Test
Specific Gravity (assumed) 2.650 '
Specific Gravity {tested) Weight of Sample Wet or Dry (gm) 57.46
Amount Dhspersing Agent (ml) 123.00 Calculated Dry Wt used in test (gm) 55.28
Type Dispersion Device Mechanical Hydrometer Buib Number 624378
Length of Dispersion Period | Minute % Pas #4 Sieve For Whole Sample 100.00
TARE WEIGHT HYDROMETER BACKSIEVE (Percent Passing #10 - #200 Sieves)
Cumnul Wt
{Wt+Tare) Retained % PASSING
#10 0.14 0.14 99.7 #10 medium sand
#20 0.19 0.19 99.7 #10  medium sand
40 0.25 0.25 99.5 #40 fine sand
w60 0.4% 0.48 99.1 #60 tine sand
100 0.96 0.96 98.3 w100 fine sand
w200 16.19 16.19 70.7 #200 fines
HYDROMETER CALCULATIONS
DATE TIME ET READING | TEMP TEMP.COR. HYD.COR. READING |EFFECTIVE
6/9/00 9:10 {(min) R T K Cc C LENGTH A
6/9/00 9:12 2.00 40.5 21.50 0.014 6.00 34.50 10.7 1.00
6/9/00 @15 5.00. 375 21.50 0.014 6.00 31.50 11.2 1.00
6/9/00 9:2% 15.00 35.5 21.50 0.014 6.00 29.50 1.5 1.00
6/9/00 9:40 30.00 335 21.50 0.014 6.00 27.50 11.9 1.00
6/9/00 10:10 60.00 32.0 21.50 0.014 6.00 26.00 12.0 1.00
6/9/00 13:20 250.00 295 21.50 0.014 6.00 23.50 12.5 1.00
6/10/00 9:10 1440.00 26.5 21.00 0.014 6.00 20.50 13.0 1.00
GRAIN SIZE PERCENTAGES :
Particle rameter %, PASSING [*% COBBLES 0.00 Description ’@y, SILTY CLAY, some fine sand.
0.0312 624 % COARSE GRAVEL 0.00
00202 570 % FINE GRAVEL 0.00 USCs| CH [
0.0118 53.4 % COARSE SAND 0.25
00085 497 % MEDIUM SAND 0.20 53 LL
0 D060 470 % FINE SAND 28.84 18 PL
00030 425 % FINES 70.71 35 PI TECH| RISW
0.0613 371 % TOTAL SAMPLE 100.00 DATE|] 6/8/00
A R CHECK| [}
3 0 l 3 5 6 REVIEW m
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ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/M96-1100 [RON REACTIVE WALUVAj SAMPLE ID SBD-3 T -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 105.7 - 107.0*
Hygroscopic Moisture For Sieve Sample
WATER CONTENT {Delivered Moisture) ‘ Wet Soil & Tare (gm)
Wt Wet Soil & Tare (gm) (wl}{ 40011 Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2)]  309.48 " Tare Weight (gim)
Waeight of Tare (gm) (w3) 0.00 Moisture Content (%)
Weight of Water (gm) (wd=w]-w2) 90.63 Total Weight Of Sample Used For Sieve Comected For Hygroscopic Mois
Weight of Dry Soil (gm) (wi=w2-w3) 309.48 Weight Of Sample (gm) 131.04
Moisture Content (%) (wdiw5y*100 29.28 Tare Weight {gm) 42.92
. (ws) Total Dry Weight (gm) 88.12
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt-Tare) (%Retaimed) % PASS SIEVE
42.92 | +Tare (ot revweyioo  (100-Yret)
12.0" 128" cobbles
30" 3.0 coarse gravel
2.5" 2.5% coarse gravel
20" 20" coarse gravel
1.5" 1.5" coarse gravel
1.0" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.375"  fine gravel
#4 #4 coarse sand
#10 #10 medium sand
#20 #20 medium sand
#40 #40 fine sand
#60 #60 fine sand
#100 #100 fine sand
#200 72.20 29.28 33.23 66.77 #200 fines
PAN PAN
% COBBLES
% C GRAVEL Descriptive Terms > 10% mostly coarse (¢)
% F GRAVEL trace 0 to 5% > 10% mostly medium (ﬁl) LL -
% C SAND little S0 12% < 10% fine (c-m) PL -
% M SAND some 12 0 30% < 10% coarse (m-f) PI -
% F SAND and 30 to 50% < 10% coarse and fine (m) Gs -
% FINES 66.77 < 10% coarse and medium (f)
% TOTAL > 10% equal amnounts each {¢-f}
DESCRIPTION |Gray, SILTY CLAY, and fine sand.
USCS | (CL-ML) i TECH JS/TI
DATE 10/18/00
CHECK L
REVIEW | / ;'\" Vi
———
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ATTERBERG LIMITS

PROJECT NAME:

ASTMD 4318

SALTIRE/9%96-1100 IRON REACTIVE WALL/VA

PROJECT NUMBER: 1C3.3822
SAMPLE ID: SBD -3 SAMPLE DEPTH: 107.0-109.0
SAMPLE TYPE: Bag

SAMPLE PREPARATION

AR301359 wwm

Wet or Dry Minus #40 Sieve Yes
PLASTIC LIMIT DETERMINATION LIQUID LIMIT DETERMINATION NATURAL MOISTURE
Number of Blows 34 28 24 15
'Weight of Wet Soil & Tare {(gm 20.04 20.05 21.38 2772 22,52 25.04 33.18 245,46
Weight of Dry Soil & Tare (gm) 18.55 18.53 19.67 23.29 18.89 20.83 27.66 200.78
Weight of Tare (gm) 11.43 11.23 11.40 4.27 4.35 4,26 6.62 42.50
Weight of Water (zm) 1.49 1.52 1.71 4.43 3.63 4.21 5.52 44,68
Weight of Dy Soil (gm) 7.12 7.30 8.27 £9.02 14.54 16.57 21.04 158,28
Water Content % 20.93 20.82 20.68 23.29 24.97 25.41 26.24 28.23
PLASTIC LIMIT (PL) LIQUID LIMIT (LL)
PLASTICITY INDEX (PD) LIQUIDITY INDEX (LI}
NOTE: DESCRIPTION|Gray, FINE SAND, and silty clay.
uscs|_SC-SM |
PLASTICITY CHART
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES
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Grgin size in millimeters :
Coarse | Fine Cor | Med |  Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID SBD-3 LL 25
SAMPLE TYPE Bag PL 21
SAMPLE DEPTH 107.0 - 109.0¢ Pl 4
DESCRIPTION |Gray, FINE SAND, and silty clay.
USCS| sc-sM |
SALTIREM96-1100 IRON REACTIVE WALL/VA TECH| risw
1C3-3822 DATE| 6/8/00
CHECK /
AR30 1360 Rreview (40
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ASTM GRAIN SIZE ANALYSIS
ASTM C117, C136, D421, D422, D1140 and D2217

PROJECT TITLE | SALTIRE/996-1100 IRON REACTIVE WALL/V A | SAMPLE ID $BD-3 | -
PROJECT NO. 1C3-3822 | SAMPLE TYPE Bag
SAMPLE DEPTH 107.0 - 109.0°
AS RECEIVED WATER CONTENT Hygroscopic Moisture Wet Soil & Tare (gm) 54.31
Tare No - For Sieve Sample Dry Soul & Tare (gm) 52.09
Wi Wet Soil & Tare (gm) wn 245.46 Tare Weight {gm) 3.21
W1. Dry Soit & Tare {gm) w2 20078 Moisture Content (%) 4.54
Weight of Tare (gm) W33 42.50 Total Weight of Sample Used For Sieve Analysis Corrected For Hygroscopic Moisture
Weight of Water (gm) (Wd=\W1-W1) 44.68 Weight + Tare, Before Separating On The #4 Sieve fgm) 987.53 ' )
Weight of Dry Soil (gm) (WSs=W32-W3) [58.28 Tare Weight (gm) 236.16
Moisture Content (%) (WaAKS 100 28.23 Total Weight (gm) 71873  {(We)
Plus #4 Material Sieve (We+Tare)  (((Wt-Tare)W6)*100) YPASSING
TARE WEIGHT 12.0° 120" cobbles
3.0 3.0" coarse gravel
2.5" 2.5" coarse gravel
2.0" 2.0 coarse grave|
1.5" 1.5" coarse gravel
1.0" L0 coarse gravel
0.75" 075" fine gravel
0.50" 0.50" fine gravel
4.375" A.375"  fine gravel
H4 0.00 0.0 100.0 H4 coarse sand
HYDROMETER ANALYSIS
Weight of Sample Used For Hydrometer Test
Specific Gravity (assumed) 2.650
Specific Gravity {tested) Weight of Sample Wet or Dry (gm) 56.57
Amount Dispersing Agent (ml) 125.00 Calculatad Dry W1, used in test (gm) 54.11
Type Dispersion Device Mechanical Hydrometer Bulb Nurnber 624378
Length of Dispersion Period 1 Minute % Pass #4 Sieve For Whole Sample 190.00
TARE WEIGHT HYDROMETER BACKSIEVE (Percent Pas'sing #10 - #200 Sieves)
Cumul Wt
(Wi+Tare) Retained %, PASSING
#10 0.03 0.03 99.9 #10 medium sand
#20 0.14 0.14 99.7 #20 medium sand
W40 0.97 0.97 98.2 #40 fine sand
NGO 935 9.35 7.5 #60 fine sand
#100 28.09 28.09 48.1 100 fine sand
#200 35.02 35.02 353 #200 fines
HYDROMETER CALCULATIONS
DATE TIME ET READING | TEMP TEMP.COR. HYD.COR. ! READING |EFFECTIVE
6/9/00 9:12 (min) R T K Cc C LENGTH A
&/9/00 %14 2.00 20.0 2550 0.014 6.00 14.00 14.0 1.0¢
6/9/00 9:17 5.00 17.5 21.50 0.014 6.00 11.50 14.5 1.00
6/9/00 9:27 15.00 16.0 21.50 0.0i4 6.00 10.00 14.7 1.00
6/9/00 9:42 30.00 14.5 21.50 0.014 6.00 8.50 15.0 1.00
6/9/00 10:12 60,00 14.0 21.50 0.014 6.00 8.00 15.0 1.60
6/9/00 13:22 250.00 13.0 21.50 0.014 6.00 7.00 15.2 1.00
6/ 10/00 9:12 1440.00 12.5 21.00 0.014 6.00 6.50 15.3 1.00
GRAIN SIZE PERCENTAGES
Particle Diameter % PASSING % COBBLES 0.00 Description |Gray, FINE SAND, and silty clay.
00357 259 % COARSE GRAVEL 0.00
£ 0230 213 % FINE GRAVEL 0.00 Uscs §C.SM [
D 0134 185 *% COARSE, SAND .06
00095 15.7 % MEDIUM SAND 1.74 25 LL
00068 143 % FINE SAND 62.92 21 PL
00033 129 *4 FINES 35.28 4 Pl TECH| RVKSW
00014 120 % TOTAL SAMPLE 100.00 DATE| 6/800

AR30136] wview o0
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PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES
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Coarse | Fine Coo | Med |  Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID| ATL-30 20130 LL -
SAMPLE TYPE Bag PL .
SAMPLE DEPTH - PI -
DESCRIPTION | White, MEDIUM TO FINE SAND, trace silt
USCS SP I
SALTIRE/M96-1100 IRON REACTIVE WALL/VA TECH RJ
976-1060 DATE} 7/6/00
CHECK| { AL~
REVIEW| (XL~

GOLDER SIERRA
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ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/9%96-1100 IRON REACTIVE WALLNAj SAMPLE ID ATL-80 [ 20/30
PROJECT NO. 976-1060 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture) Wet Soil & Tare (gm)
Wt Wet Soil & Tare (gm) (wl) Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm} (w2) Tare Weight (gm)
Weight of Tare (gm) {(w3) Moisture Content (%)
Weight of Water (gm) (wd=w!-w2) Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Mois
Weight of Dry Soil (gm) (wi=w2-w3} Weight Of Sample (gm} 1191.47
Moisture Content (%) (wad/w5y*100 Tare Weight (gm) 0.00
(W6) Total Dry Wetgh_l(gm) 1191.47
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret {Wt-Tare) (%Retained) % PASS SIEVE
0.00 J +Tare fwirevwey*100  (100-%aret)
3.0 30" coarse gravel
25" 25" coarse gravel
20" 20" coarse gravel
1.5" 1.5 coarse gravel
ior 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.375" fine gravel
#4 #4 coarse sand
#10 0.00 (.00 0.00 100.00 #10 medium sand
#20 131.49 13149 11.04 88.96 #20 medium sand
#40 275.94 27594 23.16 76.84 #40 fine sand
#30 28528 285.28 23.94 76.06 #50 fine sand
H60 475.05 475.05 39.87 60.13 #60 fine sand
#100 1087.49 1087.49 91.27 8.73 #100 tine sand
#200 118549 1185.49 99.50 0.50 #200 fines
PAN 1191.01 1191.01 PAN
% COBBLES 0.00
% C GRAVEL 0.00 Descriptive Terms > 10% mostly coarse {c)
% F GRAVEL 0.00 trace 0to 5% > 10% mostly medium (m) LL -
% C SAND 0.00 little 5t 12% < 10% fine (c-m) PL -
% M SAND 23.16 some 12 t0 30% < 10% coarse (mn-f) PI -
% F SAND 76.34 and 30 to 50% < 10% coarse and fine (m) Gs 2.650
% FINES 0.50 < 10% coarse and medium (f)
% TOTAL 100.00 > 10% equal amounts each (c-f)
DESCRIPTION |White, MEDIUM TO FINE SAND, trace silt.
USCS SP | TECH RJ
DATE 7/6/00
CHECK | (.~
REVIEW | /.-

GOLDER SIERRA
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SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID | artiso [ 20130
SAMPLE TYPE Bag
TESTED FOR [ GS - SAMPLE DEPTH .
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, Inital (gm) wy|  67.17 AIR REMOVAL
Weight Soil and Tare, Final (gm) W2) 67.15 METHOD
Weight Of Tare (gm) w3y  3.23
Weight Of Moisture (gm) W4=W1-W2) 0.02
Weight Of Dry Soil (gm) ws=w2-w3)|  63.92
Hygroscopic Moisture In (%) HM= (W4 W5)*100) 0.0%
Trial 1 2 3
Pycnometer Number 25
Weight Pycnometer Empty {gm) M 177.74
Weight of Soil & Pycnometer {gm) 278.52
Weight of Soil, Water & Pycnometer (gm) (Mb){ 738.80
Observed Temperature (Tb), for (Mb) In Degrees C 23.0
Observed Temperature (Ta), for (Ma) In Degrees C 21.50
Weight of Pycnometer & Water (gm) (Ma @ Ta) 676.22
Relative Density of Water @ (Ta) 0.99791
Relative Density of Water @ (Tx) 0.99757
Correction Factor due to Temperature @Tx (X) 0.9993
Weight of Soil (gm) 100.78
Weight of Dry Soil (gm) (Mo) 100.75
Weight of Pycnometer & Water {(gm) (Ma) 676.05
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+(Ma - Mb))J*(K) [ 2650] [ ]
Temp. (C) Rel. Density Corr. (K) Temp, (C) Rel. Density  Corr. (K)
16.00 0.99897 1.0007 23.50 0.99745 0.9992
16.50 0.99889 1.0007 24.00 0.99732 0.9991
17.00 0.99880 1.0006 24.50 0.99720 0.9990
Correction Values 17.50 0.99871 1.0005 25.00 0.99707 0.9988
Due To Temperature 18.00 0.99862 1.0004 25.50 0.99694 0.9987
18.50 0.99853 1.0003 26.00 0.99681 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 0.99833 1.0001 27.00 0.99654 0.9983
20.00 0.99823 1.0000 27.50 0.99640 0.9982
20.50 0.99812 0.9999 28.00 0.99626 0.9980
21.00 0.99802 0.9998 28.50 0.99612 0.9579
21.50 0.99791 0.9997 29.00 0.99597 0.9977
22.00 0.99780 0.99%6 29.50 0.99582 0.9976
22.50 0.99768 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 ‘ TECH SW
DATE 76100
CHECK (AN
REVIEW (N
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CONSTANT HEAD PERMEABILITY TEST
ASTM D 2434
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA SAMPLE 1D ATL 80-20/30
PROJECT NUMBER 1C3-3822 SAMPLE TYPE Bag
REMARKS - SAMPLE DEPTH -
TIME VOLUME  TEMP. Q
(sec)  (ml) (C) (ml/sec)
1. 120 24 23.0 0.20
2. 120 24 23.0 020 »*
3. 120 24 23.0 020 *
4. 120 24 23.0 020 *
5. 120 24 23.0 020  *
UNIT WEIGHT DETERMINATION MOISTURE. CONTENT
APPARATUS & WET SAMPLE (g): 2332.8 WET SAMPLE & TARE (g): 143.78
APPARATUS WEIGHT (g): 1349.8 DRY SAMPLE & TARE (g): 143.65
WET SAMPLE WEIGHT (g): 982.9 WEIGHT OF WATER (g 0.13
SAMPLE HEIGHT (in): 5.35 WEIGHT OF TARE (3): 52.09
SAMPLE DIAMETER (ia): 3.00 DRY SAMPLE WEIGHT (g): 91.56
SAMPLE AREA (in?): 1.07 MOISTURE CONTENT (%) ¢.14
SAMPLE AREA (cm?®): 45.60
SAMPLE VOLUME (in*: 31.82 SPECIFIC GRAVITY: 2.65
SAMPLE VOLUME (em’): 619.71 VOLUME OF SOLIDS (cm’): 370.40
WET DENSITY (pef): 99.0 VOLUME OF VOIDS (cm’): 249.31
DRY DENSITY (pcf): 98.9
* DISTANCE B/W MANOMETERS (cm): 7.62
AVERAGE Q VALUE: 0.20
AVERAGE TEMP: 23.0
TEMPERATURE CORRECTION: 0.93
HEAD OF WATER (cm): 2.70
HYDRAULIC GRADIENT (i): 0.354
K VALUE CORRECTED FOR 20 °C 1.2ZE-02 em/sec
TECH IS
DATE| 7/6/00
CHECK|  [R¥
REVIEW| [

AR3G 1365
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APPENDIX A-2

Iron Filings Grain Size, Specific Gravity and Permeater Tests
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PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med | Fine SILT OR CLAY
Boulders }| Cobbles Gravel SAND FINES
SAMPLE ID| CC-1115 LL -
SAMPLE TYPE Bag PL -
SAMPLE DEPTH ; PI :
DESCRIPTION|Black, MEDIUM TO FINE IRON FILINGS.
USCS SP |
Cu=D6U/DIO =  0.41/0.2 = 2.05 < 6
Cc = D30°2/D60=D10) = 0.31°2/(0.41%0.2) 1.17 > 1

SALTIRE/996-1100 IRON REACTIVE WALL/VA TECH[ oM
1C3-3822 DATE| Jun-00
CHECK! /o

REVIEW WL

GOLDER SIERRA
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ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/996-1100 IRON REACTIVE WALL/VA | SAMPLEID | cc-1115 | -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH -

WATER CONTENT (Delivered Moisture)

Hygroscopic Moisture For Sieve Sample

Wet Soil & Tare (gm)

Wt Wet Soil & Tare (gm} (wl) 55.00 Dry Soil & Tare (gm)
Wt Dry Soil & Tare {gm) {(w2) 55.00 Tare Weight (gm)
Weight of Tare (gm) (w3) 3.24 Moisture Content (%)
Weight of Water (gm) (wi=wl-w2) 0.00 Tolal Weight Of Sample Used For Sieve Corrected For Hygroscopic Moisture
Weight of Dry Soil (gm) (WS =w2-w3) 51.76 Weight Of Sample (gm) 256.77
Moisture Content (%) (wd/w5)*100 0.00 Tare Weight (gm} 51.91
(W6) Total Dry Weight (gm) 204.86
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wi-Tare) (%Retained) % PASS SIEVE
192.40 ] +Tare {(wt ret/w6)*100  (100-% ret)
12.0" 12.0" cobbles
3.0" 3.0" coarse gravel
2.5" 2.57 coarse gravel
2.0" 2.0" coarse gravel
1.5" 1.57 coarse gravel
1.0" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" o.50" fine gravel
0.375" 0.375" fine gravel
#4 #4 coarse sand
#8 . #8 coarse sand
#16 192.40 0.00 0.00 100.00 #16 medivm sand
#30 193.82 1.42 0.69 99.31 #30 medium sand
#50 351.20 158.80 771.52 22.48 #50 fine sand
#100 395.78 203.38 99.28 0.72 #100 fine sand
#200 396.88 204.48 99.81 0.19 #200 fines
PAN PAN
% COBBLES 0.00
% C GRAVEL 0.00 Descriptive Terms > 10% mostly coarse (c)
% F GRAVEL 0.00 trace Ow 5% > 10% mostly medium (m) LL -
% C SAND 0.00 Lictle 5t012% < 10% fine (¢c-m) PL -
% M SAND 38.91 some 12 to 30% < 10% coarse (m-f) Pl -
% F SAND 60.90 and 300 S0% < 10% coarse and fine (m) Gs -
% FINES 0.19 < 10% coarse and medium (f)
% TOTAL 100.00 > 10% equal amounts cach (c-D
DESCRIPTION |Black, MEDIUM TO FINE IRON FILINGS.
USCS SP I TECH GM
DATE Jun-00
' CHECK (o
REVIEW AWM

GOLDER SIERRA
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PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med | Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE 1D{ CC-1021 . LL -
SAMPLE TYPE Bag PL .
SAMPLE DEPTH ) - P1 -
DESCRIPTION|Black, FINE IRON FILINGS.
uscs|__sm__ |
SALTIRE/996-1100 IRON REACTIVE WALL/VA TECH[ oM
1C3-3822 DATE| Jun00
CHECK| - %
REVIEW| ‘..

AR3013689
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ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/996-1100 IRON REACTIVE WALL/VA | SAMPLEID | cCcC-1021 | .
PROJECT NO. __IC3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH ]

WATER CONTENT (Delivered Moisture}

Hygroscopic Moisture For Sieve Sample

Wet Soil & Tare {(gm) 44.65
Wt Wet Soil & Tare (gm) (wl) 44.65 Dry Soil & Tare (gm} 44 .53
Wt Dry Soil & Tare (gm) (w2} 44.53 Tare Weight (gm) 3.20
Weight of Tare (gm) {(w3) 3.20 Moisture Content (%) 0.29
Weight of Water {gm) (wd=wl-w2) 0.12 Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Moisture
Weight of Dry Soil (gm) (w5 =w2-w3) 41.33 Weight Of Sample (gm) 297.96
Moisture Content (%) (wa/w5)*100 0.29 Tare Weight {gm) 51.60
(W6) Total Dry Weight (gm) 245.65
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt-Tarc) (%Retained) % PASS SIEVE
192.41 J +Tare {(wt retyw6)*100  (100-%ret)
12.0" 12.0° cobbles
3.0" 3.0 coarse gravel
2.5" 2.5" coarse gravel
2.0" 2.0" coarse gravel
1.5" 1.5" coarse gravel
1.0" 1.0" coarse gravel
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.375" fine gravel
#4 #4 coarse sand
#8 192.41 0.00 0.00 100.00 #8 coarse sand
#16 192.61 0.20 0.08 99.92 #16 medium sand
#30 194.01 1.60 0.65 99.35 #30 medium sand
#50 216.53 24.12 9.82 90.18 #50 fine sand,
#100 284.95 92.54 37.67 62.33 #100 fine sand
#200 339.41 147.00 59.84 40.16 #200 fines
PAN PAN
% COBBLES 0.00
% C GRAVEL 0.00 Descriptive Terms > 10% mostly coarse (c)
% F GRAVEL 0.00 trace Oto5% "> 10% mostly medium (m) LL -
% C SAND 0.02 little 5t1012% < 10% fine (c-m) PL -
% M SAND 5.19 some 12t0 30% < 10% coarse (m-f) Pl -
% F SAND 54.63 and 30to 0% < 10% coarsc and fine {m) Gs 5.687
% FINES 40.16 < 10% coarse and medium (f)
% TOTAL 100.00 > 10% equal amounts each {(¢-f
DESCRIPTION |Black, FINE TRON FILINGS.
USCS SM I TECH GM
DATE Jun-00
CHECK
REVIEW

GOLDER SIERRA
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SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE SALTIRE/996-1130 IRON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID | ccio21 | -
SAMPLE TYPE Bag
TESTED FOR | SPECIFIC GRAVITY | SAMPLE DEPTH -
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Scil and Tare, Inital (gm) W1) 44.65 AIR REMOVAL
Weight Soil and Tare, Final (gm) W2) 44.53 METHOD
Weight Of Tare (gm) w3 3.20
Weight Of Moisture (gm) (W4 =W1-W2) 0.12
Weight Of Dry Soil (gm) (W5=W2-W3) 41.33
Hygroscopic Maisture In (%) (HM = (W4/W5)*100) 0.3%
Tral 1 2 3
Pycnometer Number 5 4
Weight Pycnometer Empty (gm) (Mf) 185.13 211.93
Weight of Soil & Pycnometer (gm) 282.19 285.54
Weight of Soil, Water & Pycnometer (gm) (Mb}l  763.00 770.65
Observed Temperature (Th), for (Mb) In Degrees C ' 22.5 2.5
Observed Temperature (Ta), for (Ma) In Degrees C 22.00 19.50
Weight of Pycnometer & Water (gm) (Ma @ Ta) 683.30 710.47
Relative Density of Water @ (Ta) 0.99780 0.99833
Relative Density of Water @ (Tx) 0.99768 0.99768
Correction Factor duc to Temperature @Tx (K) 0.9995 0.9995
Weight of Soil (gm) 97.06 73.61
Weight of Dry Seil (gm) (Mo} 96.78 73.40
Weight of Pycnometer & Water {gm) (Ma) 683.24 710.15
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+(Ma - Mb))]*(K) [ 5.684 | 5.690 | |
Temp. (C)  Rel. Density  Corr. {(K) Temp. (C)  Rel, Density  Corr. (K)
16.00 0.99897 1.0007 23.50 0.99745 0.9992
16.50 0.99889 1.0007 24.00 0.99732 0.9991
17.00 0.99880 1.0006 24.50 0.99720 0.9990
Correction Values 17.50 0.99871 1.0008 25.00 0.99707 0.9938
Due To Temperature 18.00 0.99862 1.0004 25.50 0.99694 0.9987
18.50 0.99853 1.0003 26.00 0.99681 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 0.99833 1.0001 27.00 0.99654 0.9983
20.00 0.99823 1.0000 27.50 0.99640 0.9982
20.50 0.99812 0.9999 28.00 0.99626 0.9980
21.00 0.99802 0.9998 28.50 0.99612 0.9979
21.50 0.99791 0.9997 29.00 0.99597 0.9977
22.00 0.99780 0.9996 29.50 0.99582 0.9976
22.50 0.99768 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 TECH GM
DATE Jun-00
CHECK| .
REVIEW | ~A.-

GOLDER SIERRA
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CONSTANT HEAD PERMEABILITY TEST

ASTM D 2434
PROJECT TITLE SALTTRE/996-1100 IRON REACTIVE WALL/VA SAMPLE 1D} CC-1021 [ -
PROJECT NUMBER 1C3-3822 SAMPLE TYPE Bag
REMARKS - SAMPLE DEPTH -
TIME VOLUME TEMP. Q
{sec) {ml) CC) {ml/sec)
120 7.1 20.5 0.06 »
120 12 20.0 0.06 *
120 71 20.5 0.06 *
UNIT WEIGHT DETERMINATION MOISTURE CONTENT
APPARATUS & WET SAMPLE (g): 3468.8 WET SAMPLE & TARE (g): 44.65
APPARATUS WEIGHT (g): 1826.5 DRY SAMPLE & TARE (g): 44.53
WET SAMPLE WEIGHT (g): 1642.3 WE[GHT.OF WATER (g): 0.12
SAMPLE HEIGHT (in): 5.25 WEIGHT OF TARE (g): 3.20
SAMPLE DIAMETER (in}: 3.00 DRY SAMPLE WEIGHT (g): 41.33
SAMPLE AREA (in?): 7.07 MOISTURE CONTENT (%): 0.29
SAMPLE AREA (cm?): 45.60
SAMPLE VOLUME (in’): 37.11 SPECIFIC GRAVITY: 5.687
SAMPLE VOLUME (cm): 608.12 VOLUME OF SOLIDS (cm®): 287.95
WET DENSITY (pcf): 168.6 VOLUME OF VOIDS (cm’): 320.18
DRY DENSITY (pef): 168.1
DISTANCE B/W MANOMETERS (cm): 7.62
. AVERAGE Q VALUE: 0.06
AVERAGE TEMP: 20.3
TEMPERATURE CORRECTION: 0.99
HEAD OF WATER (c¢cm): 25.50
HYDRAULIC GRADIENT (i): 3.346
K VALUE CORRECTED FOR20°C = 3.9E-04 cm/sec

TECH
DATE

CHECK]|

GM

Jun-00
€. g

REVIEW
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PARTICLE SIZE DISTRIBUTION

US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fine Cor | Med |  Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID| CC-1022 - LL -
SAMPLE TYPE Bag PL -
SAMPLE DEPTH - PI -
DESCRIPTION{Black, MEDIUM TO FINE IRON FILINGS.
USCs SP l
Cu=D60/DI0 =  0.49/02 = 245 <6
Ce = D30°2/(D60*D10) = 0.337°2/(0.49%0.2) = 111 > 1
SALTIREM96-1100 IRON REACTIVE WALL/VA TECH GM
IC3-3822 DATE; Jun-00
CHECK| {an. |
REVIEW| (AN~
GOLDER SIERRA AR301373




ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE | SALTIRE/96-1100 IRON REACTIVE WALL/VA | SAMPLEID | cc-1022 | -
PROJECT NO. 1C3-3822 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH -
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture) Wet Soil & Tare (gm)
Wt Wet Soil & Tare (gm) (wl) 37.17 Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2) 37.17 Tare Weight (gm)
Weight of Tare (gm) (w3) 3.22 Moisture Content (%)
Weight of Water (gm) {(wd=wl-w2} 0.00 Total Weight Of Sample Used For Sieve Cormrected For Hygroscopic Mois
Weight of Dry Soil (gm) (wi=w2-w3) 33.95 Weight Of Sample (gm) 320.25
Motisture Content (%) {(wdiw3)*100 0.00 Tare Weight (gm) 51.92
(W6) Total Dry Weight (gm) 268.33
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt-Tare) (%Retained) % PASS SIEVE
192,39 ] +Tare fwtrovws)*100  (100-Y%ret)
12.0" 12.0" cobbles
30" 3o coarse gravel
2.5" 2.5" coarse gravel
2.0" 2.0 coarse gravel
1.5" 1.5" coarse gravel
1.0" 1.g" coarse grave]
0.75" 0.75" fine gravel
0.50" 0.50" fine gravel
0.375" 0.375"  fine gravel
#4 #4 coarse sand
#8 192.39 0.00 0.00 100.00 #8 coarse sand
#16 192.46 0.07 0.03 9997 #16 medium sand
#30 29598 103.59 38.61 61.39 #30 medium sand
#50 405.70 213.31 79.50 20.50 #50 fine sand
#100 457 80 265.41 98.91 1.09 #100 fine sand
#200 460.55 268.16 99.94 0.06 #200 fines
PAN PAN
% COBBLES 0.00
% C GRAVEL 0.00 Descniptive Terms > 10% mostly coarse {¢)
% F GRAVEL 0.00 trace Oto 5% > 10% mostly medium ¢m) LL -
% C SAND 0.01 little S5t 12% < 10% fine (¢-m) PL -
% M SAND S58.94 some 1210 30% < 10% coarse (m-{} Pl -
% F SAND 40.99 and 30 to 50% < 10% coarse and fine {m) Gs 6.927
% FINES 0.06 < 10% coarse and medium (f)
% TOTAL 100.00 > 10% equal amounts each (c-f}
DESCRIPTION |Black, MEDIUM TO FINE IRON FILINGS.
USCS SP I TECH GM
DATE Jun-00
CHECK {;
REVIEW (‘%

GOLDER SIERRA

AR30 1374




SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE SALTIREM96-1100 [RON REACTIVE WALL/VA
PROJECT NUMBER 1C3-3822 SAMPLEID { cc-1022 |
SAMPLE TYPE Bag
TESTED FOR [ SPECIFIC GRAVITY | SAMPLE DEPTH .
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare, Inital (gm) (WD) 37.17 AIR REMOVAL
Weight Soil and Tare, Final {gm) (W2) 3717 METBOD
Weight Of Tare (gm) wyn| 322
Weight Of Moisture (gm) (W4=W1.W2) (.00
Weight Of Dry Soil (gm) {(W5=W2-W3) 33.95
Hygroscopic Moisture In (%) (HM=(W4/W5)* 100)
Tral 1 2 3
Pycnometer Number 25 14
Weight Pycnometer Empty (gm) (M) 177.66 213.02
Weight of Soil & Pycnometer (gm) 251.56 292.40
Weight of Soif, Water & Pycnometer (gm) (Mb) 739.24 779.53
Observed Temperature (Tb), for (Mb) In Degrees C 22.5 21.5
Observed Temperature (Ta), for (Ma) In Degrees C 21.50 21.50
Weight of Pycnometer & Water (gm) (Ma @ Ta} 676.22 711.50
Relative Density of Water @ (Ta) 0.99791 0.99791
Relative Density of Water @ (Tx) 0.99768 0.99791
Correction Factor due to Temperature @Tx (K) 0.9995 0.9997
Weight of Soil (gm) 73.90 79.38
Weight of Dry Soil (gm) (Mo) 73.90 79.38
Weight of Pyenometer & Water (gm) (Ma) 576.11 711.50
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo-+(Ma - Mb))]*(K) 6861] 6992 ] ] -
Temp. (C)  Rel. Density Corr. (K) Temp. (C)  Rel. Density Corr. (K)
16.00 0.99897 1.0007 23.50 0.99745 0.9992
16.50 0.99839 1.0007 24.00 0.99732 0.9991
17.00 0.99880 1.0006 24.50 0.99720 0.99%0
Correction Values 17.50 0.9987! 1.0005 25.00 0.99707 0.9988
Due To Temperature 18.00 0.99862 1.0004 25.50 0.996%4 0.9987
- 18.50 0.99853 1.0003 26.00 0.99681 0.9986
19.00 0.99843 1.0002 26.50 0.99668 0.9984
19.50 0.99833 1.0001 27.00 0.99654 0.9983
20.00 0.99823 1.0000 27.50 0.99640 {1.9982
20.50 0.99812 0.9999 28.00 0.99626 0.9980
21.00 0.99802 0.9968 28.50 0.99612 0.9979
21.50 0.99791 0.9997 29.00 0.9959%7 0.9977
22.00 0.99730 0.9996 29.50 0.99582 0.9976
22.50 0.99768 0.9995 30.00 0.99567 0.9974
23.00 0.99757 0.9993 TECH GM
DATE Jun-00
CHECK | (A~
REVIEW [ (low

GOLDER SIERRA
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CONSTANT HEAD PERMEABILITY TEST

ASTM D 2434
PROJECT TITLE SALTIRE®96-1100 IRON REACTIVE WALL/VA SAMPLE Ib CC-IOZQ -
PROJECT NUMBER I1C3-3822 SAMPLE TYPE Bag
REMARKS - SAMPLE DEPTH -
TIME VOLUME TEMP. Q
(sec) (mi) %) {mb/sec)
30 67 17.0 223 *
. 30 67 17.0 223 *
3. 30 67 17.0 223 -
UNIT WEIGHT DETERMINATION MOISTURE CONTENT
APPARATUS & WET SAMPLE (g): 3066.6 WET SAMPLE & TARE @ 3717
APPARATUS WEIGHT (g): 1356.3 DRY SAMPLE & TARE (g): 37.17
WET SAMPLE WEIGHT (g): 1710.3 WEIGHT OF WATER (g): 0.00
SAMPLE HEIGHT (in): 5.36 WEIGHT OF TARE (g): 0.00
SAMPLE DIAMETER (in): 3.00 DRY SAMPLE WEIGHT (g): 37.17
SAMPLE AREA (in 7.07 MOISTURE CONTENT (%): 0.00
SAMPLE AREA (¢m }: : 45.60
SAMPLE VOLUME (in*): 37.89 SPECIFIC GRAVITY: 6.927
SAMPLE VOLUME {cm’: 620.86 VOLUME OF SOLIDS (em™: 246.90
WET DENSITY (pct): 172.0 VOLUME OF VOIDS (cm?): 373.96
DRY DENSITY (pef): 172.0
DISTANCE B/W MANOMETERS (cm): 7.62
AVERAGE Q VALUE: 2.23
AVERAGE TEMP: 17.0
TEMPERATURE CORRECTION: 1.08
HEAD OF WATER (cm): 3.40
HYDRAULIC GRADIENT (i): 0.446
K VALUE CORRECTED FOR 20 °C = 1.2E-01 cm/sec

TECH| GM
DATE| Jun-00
CHECK| (i
REVIEW]  (Aw

GOLDER SIERRA AR30137 b



CONSTANT HEAD PERMEABILITY TEST

ASTM D 2434
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA SAMPLE ID| CC-1022 I -
PROJECT NUMBER 1C3-3822 SAMPLE TYPE Bag
REMARKS - SAMPLE DEPTH -
TIME  VOLUME  TEMP. Q
(sec) {(ml) (°C) {mb/sec)
1. 13 96 15.3 6.40 *
2. 15 %6 15.5 6.40 *
3. 15 %6 15.5 6.40 *
UNIT WEIGHT DETERMINATION MOISTURE CONTENT
APPARATUS & WET SAMPLE (g): 3066.6 WET SAMPLE & TARE (g): 37.17
APPARATUS WEIGHT (g): 1356.3 DRY SAMPLE & TARE (g): 37.17
WET SAMPLE WEIGHT (g): 1710.3 WEIGHT OF WATER (g): 0.00
SAMPLE HEIGHT (in): 5.36 WEIGHT OF TARE (g): 0.00
SAMPLE DIAMETER (in): 3.00 DRY SAMPLE WEIGHT (g): 37.17
SAMPLE AREA (in ) 7.07 MOISTURE CONTENT (%): 0.00
SAMPLE AREA (¢m ): 45.60
SAMPLE VOLUME (in]): 37.39 SPECIFIC GRAVITY: 6.927
SAMPLE VOLUME (cm’): 620.86 VOLUME OF SOLIDS (cm’): 246.90
WET DENSITY (pch: 172.0 VOLUME OF VOIDS (cmj): 373.96
DRY DENSITY (pef): 172.0
DISTANCE B/'W MANOMETERS (cm): 7.62
AVERAGE Q VALUE: 6.40
AVERAGE TEMP: 15.5
TEMPERATURE CORRECTION: 1.12
HEAD OF WATER (cm): 10.00
HYDRAULIC GRADIENT (i): 1.312
K VALUE CORRECTED FOR 20 °C = 1.2E-01 cm/sec

TECH
DATE
CHECK

REVIEW

GOLDER SIERRA
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CONSTANT HEAD PERMEABILITY TEST

ASTM D 2434
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA SAMPLE ID CC-1115/1021 (2:1)
PROJECT NUMBER 1C3-3822 SAMPLE TYPE Bag
REMARKS - SAMPLE DEPTH -
TIME VOLUME TEMP. Q
{sec) {ml) {°C) (ml/sec)
1 60 25.0 17.0 0.42 *
2. 60 25.0 17.0 0.42 *
3 60 25.0 17.0 0.42 *
UNIT WEIGHT DETERMINATION MOISTURE CONTENT
APPARATUS & WET SAMPLE (3): 3563.2 WET SAMPLE & TARE (g): 50.00
APPARATUS WEIGHT (g): 1827.2 DRY SAMPLE & TARE (g): 50.00
WET SAMPLE WEIGHT (g): 1736.0 WEIGHT OF WATER (g): (.00
SAMPLE HEIGHT (in): 5.25 WEIGHT OF TARE (g): 3.24
SAMPLE DIAMETER (in): 3.00 DRY SAMPLE WEIGHT (g): 46.76
SAMPLE AREA (in?): 7.07 MOISTURE CONTENT (%): 0.00
SAMPLE AREA (cm?): 45.60
SAMPLE VOLUME (in’): 37.11 SPECIFIC GRAVITY (assumed): 5.8
SAMPLE VOLUME (cm®): 608.12 VOLUME OF SOLIDS (cm’): 299.31
WET DENSITY (pef): 178.2 VOLUME OF VOIDS (em®): 308.81
DRY DENSITY (pef): 178.2
DISTANCE B/'W MANOMETERS (cm): 7.62
AVERAGE Q VALUE: 0.42
AVERAGE TEMP: 17.0
TEMPERATURE CORRECTION: 1.08
HEAD OF WATER (cm): 3.40
HYDRAULIC GRADIENT (i): 0.446

K VALUE CORRECTED FOR 20 °C = 2.2B-02 em/sec
TECH| GM
) DATE| Jun-00
CHECK| (S
REVIEW [’Alw
GOLDER SIERRA AR301378




CONSTANT HEAD PERMEABILITY TEST
ASTM D 2434
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA SAMPLE 1D CC-1115/1021 (2:1)
PROJECT NUMBER 1C3-3822 SAMPLE TYPE BaL
REMARKS - SAMPLE DEPTH -
TIME VOLUME TEMP. Q
(sec) (ml) (’C) {ml/sec)
30 37.0 17.5 1.23 *
. 30 37.0 17.5 1.23 *
3. 30 37.0 17.5 1.23 *
UNIT WEIGHT DETERMINATION MOISTURE CONTENT
APPARATUS & WET SAMPLE (g): 3563.2 WET SAMPLE & TARE (g): 50.00
APPARATUS WEIGHT (g): 1827.2 DRY SAMPLE & TARE (g): 50.00
WET SAMPLE WEIGHT (g): 1736.0 WEIGHT OF WATER (g): 0.00
SAMPLE HEIGHT (in): 5.25 WEIGHT OF TARE (g): 3.24
SAMPLE DIAMETER (in): 3.00 DRY SAMPLE WEIGHT (g): 46.76
SAMPLE AREA (in?): 7.07 MOISTURE CONTENT (%): 0.00
SAMPLE AREA (cm?): 45.60
SAMPLE VOLUME (in%: 37.11 SPECIFIC GRAVITY (assumed): 5.8
SAMPLE VOLUME (cm®): 608.12 - VOLUME OF SOLIDS cm™: 299.31
WET DENSITY {(pcf): 178.2 VOLUME OF VOIDS (cm®): 308.81
DRY DENSITY (pcf): 178.2
DISTANCE B/'W MANOMETERS (cm): 7.62
AVERAGE Q VALUE: 1.23
AVERAGE TEMP: 17.5
TEMPERATURE CORRECTION: 1.06
HEAD OF WATER (cm): 3.30
HYDRAULIC GRADIENT (i): 1.155
K VALUE CORRECTED FOR 20°C = 2.5B-02 cmisec
—_— o —————. —
TECH| GM
DATE Jun-00
CHECK| (ow_
REVIEW|  /a
=

AR301379
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CONSTANT HEAD PERMEABILITY TEST

ASTM D 2434
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA SAMPLE ID CC-1115/1021 (1:1)
PROJECT NUMBER 1C3-3822 SAMPLE TYPE Bag
REMARKS - SAMP_LE DEPTH -
TIME VOLUME TEMP. Q
(sec) {ml) (’C) (ml/sec)
120 2.8 21.0 0.02
120 2.9 21.0 0.02
120 2.8 21.0 0.02
UNIT WEIGHT DETERMINATION MOISTURE CONTENT
APPARATUS & WET SAMPLE (g): 3694.8 WET SAMPLE & TARE (3): 50.00
APPARATUS WEIGHT (g): 1827.3 DRY SAMPLE & TARE (g): 50.00
WET SAMPLE WEIGHT (g): 1867.5 WEIGHT OF WATER (g): 0.00
SAMPLE HEIGHT (in): 5.25 WEIGHT OF TARE (g): 124
SAMPLE DIAMETER (in}: 3.00 DRY SAMPLE WEIGHT (g): 46.76
SAMPLE AREA (in®): 7.07 MOISTURE CONTENT (%): 0.00
SAMPLE AREA (cm?): 45.60
SAMPLE VOLUME (in%: 37.11 SPECIFIC GRAVITY (assumed): 5.3
SAMPLE VOLUME (cm®): 608.12 VOLUME OF SOLIDS (cm¥): 321.98
WET DENSITY (p<f): 191.7 VOLUME OF VOIDS (cm®): 286.14
DRY DENSITY (pcf): 191.7
DISTANCE B/W MANOMETERS (cm): 7.62
AVERAGE Q VALUE: ' 0.02
AVERAGE TEMP: 21.0
TEMPERATURE CORRECTION: 0.98
HEAD OF WATER (cm): 3.40
HYDRAULIC GRADIENT (i): 0.446
K
K VALUE CORRECTED FOR20°C = 1.1E-03 cm/sec
TECH GM
DATE Jun-00
CHECK| (R
1
REVIEW| (Aw
J

AR301380
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CONSTANT HEAD PERMEABILITY TEST

ASTM D 2434
PROJECT TITLE SALTIRE/996-1100 IRON REACTIVE WALL/VA SAMPLE 1D CC-1115/1021 (1:1)
PROJECT NUMBER 1C3-3822 SAMPLE TYPE Bag
REMARKS - SAMPLE DEPTH -
TIME VOLUME TEMP. Q
(sec) (ml) °C) {ml/sec)
1. 120 13.5 21.0 G.11 *
2. 120 14.0 21.0 c.12 *
3. 120 13.5 21.0 0.11 *
UNIT WEIGHT DETERMINATION MOISTURE CONTENT
APPARATUS & WET SAMPLE (g): 3694.8 WET SAMPLE & TARE (g): 50.00
APPARATUS WEIGHT (g): 1827.3 DRY SAMPLE & TARE (g): 50.00
WET SAMPLE WEIGHT (g): 1867.5 WEIGHT OF WATER (g): 0.00
SAMPLE HEIGHT (in): 5.25 WEIGHT OF TARE (g): 3.24
SAMPLE DIAMETER (in): 3.00 DRY SAMPLE WEIGHT (g): 46.76
SAMPLE AREA (ind): 7.07 MOISTURE CONTENT (%): 0.00
SAMPLE AREA (cm?): 45.60
SAMPLE VOLUME (in%: 37.11 SPECIFIC GRAVITY (assumed): 5.8
SAMPLE VOLUME (¢m’): 608.12 VOLUME OF SOLIDS (cm’): 321.98
WET DENSITY (pef): 191.7 VOLUME OF VOIDS (cm™: 286.14
DRY DENSITY (pef): 191.7
DISTANCE B/W MANOMETERS (¢mm): 1.62
AVERAGE Q VALUE: 0.11
AVERAGE TEMP: 21.0
TEMPERATURE CORRECTION: 0.98
HEAD OF WATER (cm): 9.80
HYDRAULIC GRADIENT (i): 1.286

K VALUE CORRECTED FOR 20 °C

1.9E-03 cm/sec

TECH GM
DATE Jun-00
CHECK|

REVIEW

AR301381I

GOLDER SIERRA
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WMANUARY 2001 996-1 100

IRON-GEL-SAND LEAK-OFF TEST RESULTS

PROJECT NAME: SALTIRE/ARROWHEAD PLATING/VA

PROJECT NUMBER: 996-1100
SAMPLE ID: CC-1022/ATL SAND 80-20/30

TESTING CONDITIONS

Coiumn Preparation ({ime) 300 11:26 AM Time {min): 0
Leak-OfT Test Start Since [nitial Gel Cross Link 714/00 11:33 AM Time (min): 7
Leak-Off Test End Since Initial Gel Cross Link 7714708 12:33 PM Time (min): 67
Leak-OIT Test Duration (min) 60

Ceak-Off Test Pressure (psi) a9

[Teak-OIT Test Locking Fressure (psi) 19

Gel Volume (ml) 1368

Weight of Iron (gm) 1634

IRON/IRON-GEL-SAND/LEAK-OFF PERM. TEST

SOIL DESCRIPTION: White, MEDIUM TO FINE SAND. trace silt.
{ATL SAND 80-20/30)
USCS: sp
IRON DESCRIPTION: Black, MEDIUM TO FINE CONNELLY CC-1022 IRON FILINGS.

USCS: sp
FLUID DESCRIPTION: 48 1b/1000 gal cross linked gel

SOIL SAMPLE
PREPARATION
VOLUME OF WATER
DISPLACED FROM TEST FILTER CAKE
TIME TIME ROOT 'SAMPLE PRESSURE THICKNESS
{min) {min} (ml} (psi} {cm)
Height, cm 30.48 0.0 0.00 0.0 49
Diameter, cm 10.16 o1 029 19.0 37 @
Area, cm 81.07 38 1.96 370 49
Volume, cm3 2471.11 75 274 41.0 49
Dry Sand Weight, g 1764.00 132 363 60.0 49
Saturated Sand Weight, g 4798.60 202 450 73.0 49
Weight of Water, g 1934.00 27.8 528 85.0 49
Dry Density, pef 95.05 358 598 96.0 49
Spec. Gravity 2.65 442 6.65 107.5 49
Volume Solids, em3 1420.38 504 7.10 117.0 49
Volume Voids, cm3 1050.73 55.8 747 125.0 49
Saturation, % 98.4% 60.0 7.75 132.5 49
Void Ratio % 74.0% 121.0 11.00 224.5 19
Porosity, % 42.5% 1970 14 04 504.5 19
251.0 1584 699 5 19
302.0 17.38 8495 19
4202.0 654,82 1089.5 19
TECH SW
DATE 1700
CHECK [
REVIEW RIO

A R 3 0 I 3 8 3 GOLDER SIERRA 1100-20_30-80.xls: IRON-GEL-SAND LEAK-OFF



LIANUARY 200!

996-1100|
IRON-GEL-SAND LEAK-OFF TEST RESULTS
PROJECT NAME: SALTIRE/ARROWHEAD PLATING/VA

PROJECT NUMBER: 996-1100
SAMPLE ID: CC-1022/ATL SAND 30-20/30

- . 4m - e 178" 4100 w200
[00 12 3 ‘2 1™ 75 ik Ha 10 A‘-¢20‘ Ha0 ml : i ;.‘Ji‘ I
HHE
90 S B
L] P i
e [
30 '_'J“I: I“l l—**'“-ij
i ‘ :
% R |
70 1R -
P o | |
A 60 Bt -
S IHER R
§ 50 RARE =
I é i
N 40 +
! |
G i
30 AIEEET -
R
20 ]
1
!
o ,w
0 Wi
1000 _ 1 : 0.0t 0.001
Grain size in mitlimeters
Coarse |  Fine Cor | Med [ Fine SILT OR CLAY
Boulders Cobbles Gravel SAND FINES
SOIL DESCRIPTION: White, MEDIUM TO FINE SAND, trace silt.
(ATL SAND 80-20/30)
USCS: sP-SM
IRON DESCRIPTION: Btack, MEDIUM TO FINE CONNELLY CC-1022 IRON FILINGS.
USCS: sp
FLUID DESCRIPTION: 48 Ib/1000 gal cross linked gel
LEAK OFF TEST
200 1 , | l ‘ ‘
3 ! | L
4 180 - ¢ : ‘ - :
Re 1 ] | |
z 160 : i _ —
@ | | i
a 140 : L .
120 J : | % D
= i .
%3 100 : '
z L)
g 80
[
B 60
S
3 40
320
0 :
0 I 2 3 4 5 6 7 8 9 10
ROOT TIME (min)
LEAK OFF COEFFICIENT Cw (em/min'?) =
{Tested under 60 psi) TECH SW
y=mx+b where m = slope SPURT VALUE SV (¢m) = DATE| 71740
Cw=m/(2 Ac) b = y-intercept CHECK oM
REVIEW RIO

PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422 US STANDARD SIEVE OPENING SIZES

SV =b/2Ac Ac = sample arca E E | 3 E.
q GOLDER SIERRA 1100-20_30-80.xis: IRON-GEL-SAND LEAK-OFF CHART
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APPENDIX A-4

Micro-Head Permeameter and TOC Tests
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[FTANUARY 2001 996-1100
IRON-GEL-SAND PERMEABILITY
ASTM D434 - MODIFIED
PROJECT NAME: SALTIRE/ARROWHEAD PLATING/VA
PROJECT NUMBER: 9961100
SAMPLE ID: TRON-GEL-SAND IRON/SAND TYPE: CC-1025/ATL SAND 80-10/30
Iron-Gel-Sand Column Prepsration T14/00 11:26 AM 0
1ron-Gel-Sand Permeabiliry Test Start T/17/00 2:05 PM 3.1
Iron-Gel-Sand Permesbility Test End 1800 2:00 PM 14.1
Sand Sampie Data Iron Sample Dats - Final
Heighe, em 30.48 Dry Denaity, pef 95.05 Height, em 1.47 Dry Density, pel 168.41
Diameter, cm 10,16 Spec. Gravity () 1.65 Diameter, cm 10.16 Spec. Gravity (*) 6.93 TECH SW
Area, ¢’ 107 Volume Solids, cne® 1420.33 Ares, cm? 81.07 Volume Solids, em® 235,39 PATE| 72500
Volume, ¢m3 247111 | Volume Voids, em’ 1050.73 Volume, cm’ 605.42 Volume Yoids, cm” 369.53 CHECK oM
Bry Sand Weight (Dry), g 3764.00 | Saturation, % 93.4% Dry lron Weight, g 1634.00 Porasity, % 61.0% REVIEW RIO
Saturated Sand Weight, g 479800 | VYoid Ratio % 74.0% Iren-Sand Columa Pore Volume, mi 1420
Weight of Water, g 1034.00 | Poroity, % 42.5% {*) Assumed Value
Maisture Content, % 27.5%
Manometer IrorvSand Time Sipce TOC_
Pore Yolume Head Flow Time | Gradient Temp Permeability | Cross Link | (composite) OR.P. Crissobved pH
Hitom | Husootoms (cm) Q, em’ [ (i) K @ 20°C (cm/sec) (day) (ppm) mV (eh} Oxppm)
INTIAL RUN OFF - - - - - w . ’XE - - _ N
203 548 309 13 41 B850 0.103 50 5 AQE-04 31 - - - -
0.26 548 51.2 36 325 66120 0.095 250 5 68E-04 4.0 3260 - - -
0.13 547 510 37 100 9300 0.098 250 1.21E-03 4.1 - - - -
0.42 54.7 51.3 34 125 10140 0.090 250 1.51E-03 42 - - - -
0.98 545 51.3 32 5035 56880 0.084 156 |.B4E-03 49 1080 -~ - -
1.27 544 51.2 32 410 24660 0.084 540 2.16E-03 bR | - - - -
247 54.2 511 31 1700 65340 0.082 25.0 3.49E-03 59 - - - -
268 543 50.8 is 295 13740 0.092 250 2.55E-03 6.1 156 - - .-
285 343 50.5 38 245 4560 0.100 250 5.88E-03 6.1 - - B -
168 543 505 38 1180 47740 0.100 2590 1.91E-03 69 B - - -
393 542 50.5 37 350 14520 0.098 25.0 2.71E-03 7.1 - - - -
39 531 50.5 2.8 72 0.069 pAR] D.ODE+O0 7.1 - - - -
4.55 5.9 43.6 a3 390 8400 0.219 150 5.31E-03 12 - - - .
475 523 422 10.1 2175 4500 0.266 250 2.52E-03 12 39 - - -
763 514 42.5 8.9 4100 61980 0.235 250 3.09E-03 19 - - - .-
732 51.4 42.2 9.2 270 232 0.242 25.0 5.27E-02 8.0 5 - - -
1155 50.4 42.2 82 5300 7338 0.216 25.0 3 67E-02 9.1 - - - -
11.74 494 395 9.9 270 297 0.261 250 3.82E-02 a1 9 - - -
12.50 548 395 153 1075 4780 0403 25.0 6.12E-03 ' 98 - - - -
12,30 479 15.1 328 420 561 0.864 250 9.50E-03 99 - - - --
1318 6.2 15.1 311 500 199 0.820 25.0 3.36E-02 99 - - - -
14.33 495 143 34.7 1675 1581 0914 250 1.27€-02 102 - - - -
14.54 476 154 322 300 176 0849 250 2.20E-02 10.2 7 -- .- -
18.62 505 15.3 352 5800 4159 0.928 250 1.65E-02 10.8 7 - - -
AR301387
Page 1 of 1 GOLDER SIERRA 1100-20_30-80.xls. IRON-GEL-SAND PERM



996-1100]

ANUARY 2001
IRON-GEL-SAND LEAK-OFF TEST RESULTS
PROJECT NAME:  SALTIRE/ARROWHEAD PLATING/VA
PROJECT NUMBER: 996-1100
SAMPLE ID: CC-1022/ATL SAND 80-20/30
IRON-GEL-SAND PERMEABILITY TEST
1.E6-01 4= - —

Permebility @ 20 C (cmisec)

TOC Concentration {ppm)

) Temperature: 25°C

T S W S——
i S O O N
T
- i P o
| : 0
- E— _
: 0ot 1 — bl
- ! — e SR
3 [ LA St S S S SO ONY
j T | J ;
T . T I | - el
P Tt e i evan
!

o] ' ! .
o ! P ) Average Gradient: 30% |
1.6-03 :_fi - ﬁ:" = 4 :;::‘:_::E;: : _—'::'Jlron: Connelly CC-1022 'r—ﬁﬁ,’
#ﬂ = —+ T i - L ,Sand: M-F Sand (SP) (80-20/30 ATL Sand - Reconst.)
o i ] "Gel: 48 11000 gal g —
I ,._ _— .L_;__.__:__._ —:r---——r‘—‘;Time After Initial Gel Cross Link: 14 days ; o
— r T T = S B S
i . : ! : i i i i
J X | H 1 : | | i ; 1‘ |
1.E-04 e e e e s
0 1 2 3 4 5 6 7 8 9 1M 11 12 13 14 15 18 17 18 1§ 20
Number of Pore Volumes
IRON-GEL-SAND GEL-BREAKDOWN TEST
10000 — —
: ‘ T - T
L . ¥ - - N
E ‘ ) {Temperature: 25° C L__,_
: } : i [ron: Connelty CC-1022 |
1000 - s ; -—Sand: M-F Sand (SP) (80-20/30 ATL Sand - Reconst} ==—-=f
= T —Gel: 48 /1000 gat =
—ﬂﬁme After Inilial Ge! Gross Link: 14 days j
T I ;
100 '
10 F——+—
1

Number of Pore Volumes

TECH Sw

DATE 1700
CHECK RIC
REVIEW RIO

AR301388

GOLDER SIERRA

1100-20_30-80.xls: IRON-GEL-SAND PERM (2)



AC€L ADVANCED CHEMISTRY LABS, INC.

Phone: (770) 409-1444 3039 Amwiler Road * Suite 100 - Atlanta, GA 30360
fFax: (770) 409-1844 P.O. Box 88610 - Atlanta, GA 30356
Outside GA: (800) 277-0520 www.advancedchemistrylabs.com

e-mail: acl@mindspring.com

Client: Golder Sierra LL.C Ciient Project No: 4-202/Saitire
3730 Chamblee Tucker Road ACL Project No: 32978
Aflanta, GA 30341 Date Received: 07-25-00

Date Reported:  07-28-00
Contact: Mr. Rafael Ospina

TOC
(EPA 415.1) (mag/iiten)

Sample ID ACL # Matrix . Result Det Limit Date Analyzed
1 157643 Water 3260 1.0 07-28-00
2 157644 Water 1080 1.0 07-28-00
3 157645 Water 156 1.0 07-28-00
4 157646 Water 38.9 1.0 07-28-00
5 157647 Water 14.6 1.0 07-28-00
6 157648 Water 8.8 1.0 07-28-00
7 157649 Water 6.8 1.0 07-28-00
8 157650 Water 7.4 1.0 ~ 07-28-00

P

John Andros, Manager

BDL = Below Detection Limit

AR301389



APPENDIX A-5

Fracture Fluid Resistivity Tests
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GEL RESISTIVITY TESTING

Project: SALTIRE/ARROWHEAD PLATING/VA Date: Jun-00
Job No.- 996-1100 Tested By: RIOQ
Meter Type: Niisson 400 Soil Resistance Meter, Checked By: RIO
Miller Soilbox
NacCl Resistivity @ 15.5°C (ohm-cm)
Concentration
(Ib/1000 gal} -
mean min max
0 4438 4398 4478
2.5 911 871 951
5 640 _ 600 680
10 460 420 500
15 330 290 370
20 251 211 291
40 138 98 178
8O 72 32 112
1000 -
900
800
£ ]
] 700 1
E ]
£ ]
L2 600
o ]
0 ]
w 5004 -
@
2 400 4
2 p
» ]
¢ 3004 -
o p
2004 -
100 3
0]
0

NaC! Concantration (1b/1000 gal)

GOLDER SIERRA Cqabalch xls: Resistivity Spec Lab
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APPENDIX A-6

Fracture Fluid Viscosity Tests

AR301392



Rotating Cylinder
Viscometer

15000 I !
7 X ¥ Crosslinked HPG Gel
g 10000
] / .
§ 5000 '
g
0
0 L 2 3 4 5 &
Shear Rate (1/sec)
2000
g 1600
g 1200 7 Un-Crosslinked HPG Gel
% 800 //
é N A
a0 e :
0
o] 20 a0 60 80 100 120
Shear Rate (1/sec)
\}\\4 TITLE
o\ ROTATING CYLINDER VISCOMETER
GO0LDER .
SIERRA Atlanta, Georgia
CLIENT/PROJECT — DRAWN A JOB NO.
*T SALTIRE INDUSTRIAL, INC./ - MAT - 2/2/01 — REV93§-110°
FORMER ARROWHEAD PLATING FACILITY £I0 N/A ' o
MONTROSS, VA REVIEWED E FILE NO. 1100-d4 Q.CdF!SUBmLE TIGURE RO, 4 | 1

4




GEL VISCOSITY TESTING

Project: SALTIRE/ARROWHEAD PLATING/VA Date: Jun-00
Job No.: 996-1100 Tested By: RIO
Meter Type EGA&G Chandler Model 35 Checked By: RIO
Bob-B1, Rotor-R-1,Spring-F0.2
——— — e
Viscosity (cP)
Temperature @ 1 sec-1 @ 10 sec-1 @ 100 sec-1
(©) mean min max mean min max mean min max
5 1783 1370 2195 627 527 726 146 132 161
10 1335 1026 1645 527 443 611 132 119 145
15 1128 867 1389 476 400 552 125 112 137
20 1000 769 1232 443 37 513 120 108 131
25 911 700 1123 419 352 485 116 104 127
30 845 649 1040 400 337 464 113 101 124
35 792 609 976 385 324 446 110 99 121
40 749 576 923 372 313 432 108 97 119
I
- | SHEARRATE -
? .
O@ 1 sec-1 o
— A@ 10 sec-1 o
& —
.E‘ X @ 100 sec-1
= ]
Q
H ‘. U S ]
5 R e
e AT oo g - F— Sl b ‘*—“—‘L’v-r-—v?f—.‘) —_—
T &_T_Ju-‘,ﬁﬁé_}:;%--+ ----- P
: | ‘ | T Troereoes HRRELEEE :
2004 - -— : J— ' . SR S S
03— et S S/ SN G
] 5 10 15 20 25 30 35 40D 45
! Temperature (C)
GOLDER SIERRA

AR3Q [ 3Gl vy st




August 2000

996-1100

CROSSLINKED HPG GEL VISCOSITY TEST RESULTS

Project: SALTIRE/ARROWHEAD PLATING/VA Date: Aug-00
Job No.: 996-1100 Tested By: RIO
Meter Typ EG&G Chandler Madel 35 Checked By: RIO
Bob-B1, Rotor-R-1,Spring-F0.2
Shear Rate Viscosity Fluid Description:
1 sec-1 (cP) G1 - Frac Fluid - 48 Ib HPG Gel / 1000 gal water
0.17 14,100
.34 7,950 Power Law Viscosity Model
0.51 6,100
a— °b
1.02 4,400 h=ay is viscosi
: ' W is viscosity (¢cP)
1.7 4,500 a=5518.2 ¥ is shear rate (USCC)
34 3720 b=-039
5.11 3,240 R?=09
Viscosity Versus Shear Rate at 25°C of Crosslinked HPG Gel
15000
o
— 10000 \
Q
Y
2 [Power Law Model
8 . /
2 o /]
> M
5000
—— o
0
0 1 2 4 5 6

3
Shear Rate (1 sec-1)

GOLDER SIERRA A R 3 0 l 3 9 5 Cqabatch: X-link Viscosity



APPENDIX A-7

Iron Filings Grain Size Specification and Mineralogical Analysis
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IRON FILINGS SPECIFICATION DEVELOPMENT GRAIN SIZE ANALYSIS
ASTM GRAIN SIZE ANALYSIS ASTM D421, D2217, D1140, C117, D422, C136

Project: SALTIRE/ARROWHEAD PLATING/VA Date:  Jun-00
Job No.; 996-1100 Tested By: GM
Iron Type: Connelly CC-1022 Checked By: RIO
Sample Load Vb;’i:: \ % Passing Sieve (ASTM D422)
No. (ton) #4 #8 #16 #30 #50 #100 #200
1 22 100.0 100.0 100.0 68.8 15.0 . 1.0 0.0
2 22 100.0 100.0 100.0 731 15.8 1.8 0.1
3 22 100.0 100.0. 100.0 70.6 18.3 2.1 .03
4 22 106.0 100.0 100.0 65.0 206 1.3 0.0
5 22 100.0 100.0 100.0 74.3 221 2.3 02
6 22 100.0 100.0 100.0 64.9 15.4 1.0 0.0
7 22 100.0 100.0 1000 | 685 18.5 16 0.1
Average 100.0 100.0 100.0 69.3 18.7 1.6 0.1
Project Specification 100 100 895 -100 55-95 15-45 0-15 <§
GOLDER SIERRA Cuabatch xis: Iron Spec Lab
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CONNELLY - GPM, INC.

EETARLISHRED 1673

3s4 SOUTH CALIFORNIA AVENUE ° CHICAGO: ILUNOIS 60808-8SI176
PHONE: (773 247-7231 FAX: (773) 247 -7230

= SCREEN SPECIFICATION
= cc-1022 , ‘
PROPRIETARY BLEND FOR GOLDER SIERRA
(-14+84 Mash)

U.S. SCREEN
NUMBER

8 | 100% PASSING

16 95 - 100% PASSING
30 | 60 - 90 |
50 | 15 - 40

100 0-10
200 0-3

MATERIAL WEIGHS APPROXIMATELY 170 - 190 POUNDS PER CUBIC FOOT

TYPICAL ANALYSIS OF IRON AGGREGATE

Metallic Iron 89.82

Total Carbon . 2.85
Manganese .60
Sulphur 0.107
Phosphorous 0.132
Sil!cop : 1.85 _
. NicHRT* : 0.05 - 0.21
Chromium 0.03 - 0.17
Vanadium Nil
Molybdenum 0.15
Titanium - 0.004
Copper 0.15 - 0.20
Aluminum Trace
Ceobalt 0.003

CURTIS A. REVELL

Technical Director
DAWORDVCLCUSTO 0228 FECGOLDER DOC .

-~

-

s -

AR301398



APPENDIX A-8

Tron Filings pH Activity Tests
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IRON pH ACTIVITY TEST RESULTS

ASTM D1293, D4972 MODIFIED

Project: SALTIRE/ARROWHEAD PLATING/VA Date: Jun-00
Job No.: 896-1100 Tested By: RIO
fron Type: Connelly Checked By: RIO
SAVED Time o

1 10:50 6.58

1 10:59 6.31

1 11:04 6.20

1 11:09 6.32

1 11:16 6.06

1 11:18 6.33

1 stirrad sample ’

1 11:22 6.95

1 11:27 6.63

1 11:32 6.62

1 1137 6.71

1 11:42 6.83

1 11:47 6.60

1 11:52 6.53

1 1157 6.37

1 12:02 6.42

1 stirred sample

1 12.07 6.97

1 12:22 6.72

1 1237 6.40

1 12:52 6.44

1 13:07 6.38

1 13:22 6.23

1 13:37 6.28

1 13:52 6.39

1 14:07 6.50

1 14:22 5.92

1 14:37 6.55

1 14:52 6.31

1 stirred sample

1 15:00 7.44

1 15:07 6.51

1 15:22 6.47

1 poured sampies from cups to jars w/ lids

1 15:34 7.57

2 06:37 _ 7.21

Sample Preparation: 143.4 grams of iron per 100 mL distilled deionized water

GOLDER SIERRA A R 3 0 I u 0 0

Cqabatch.xls: Iron pH Activity



APPENDIX B

Boring and Well Installation Logs and
Monitoring Well Sampling Data

APPENDIX B-1 Boring Logs _
APPENDIX B-2 Well Installation Log Z |
APPENDIX B-3 Monitoring Well Water Level and Sampling Data |
APPENDIX B-4 Soil Boring and CPT Soil Imerpretation Data Correlation
APPENDIX B-5 Investigation Derived Waste Characterization Laboratory Data

AR3014LOI



APPENDIX B-1

Boring Logs
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SOIL LOG OF BOREHOLE SBS-10

PROJECT NO: 996-1100

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA

CLIENT: SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: SLW

DATUM: MSL

COORDINATES: N 6719608.83, E

11975554.76

SITE LOCATION: ARROWHEAD FACILITY

BORING LOCATION: -

SUBSURFACE PROFILE ] SAMPLE
. ' [ :
I o~ i E‘ g i
r E = % Standard Remarks
= Description ! > i P = c Pentration Test
E 2 B e b=
= - : w = 3 o
S 'é | & £ é o | 2 e i blows/ft
[=% [«8 a o
B | 8 | & 2|5| 8 & 2 | phwe
0 Ground Surface | o | -
1:i5 0-68 Loose to compact, 140.84
1 reddish brown, MEDIUM to
14 FINE SAND, some silty | 1 1D0 5 12/24 | N/A F
4 clay. : ‘
21 # | N |
j?? ; »
3 j_:; (SC-8M) 2 |DO) 5 |19/24 NA r
4 i : ;
43 } I |
5%; ! 3i{DO| 11 {17/124| 03 | @
6 Jin 6
jii ] 6-14' Compact, reddish 134.84
1.7 brown, MEDIUM to FINE |
7= | SAND, some clayey siit. 4 DOV 17 |20/24! 02 9
8
9. 5 |DO| 29 |20/24 | N/A ®
i
o
10+ {SM)
1] 6 |DO| 27 |1724] 01 | @
124 @12
] [ron sand lense.
131 7 DO 2t |19/24 ] N/A ®
Jo
WS ST 14 |
1 12684 7 |
1 (CH) r
|
15 ‘] { ‘1 [ .
DRILLING COMPANY: CHESAPEAKE GEQSYSTEMS INC. LOGGED: LW
DRILL METHOD: HSA . CHECKED: RIO

DRILL RIG: MOBILE B-80
DRILLER: BRIAN VAN DURAN
DRILL DATE. 5/8/00

DATE: 7/10/00

SHEET: 10f3

AR301403




SOIL LOG OF BOREHOLE $BS-10

PROJECT NO: 996-1100

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA

CLIENT: SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: SLW

DATUM: MSL

COORDINATES: N 6719608.83, E 11975554.76

SITE LOCATION: ARROWHEAD FACILITY

BORING LOCATION: -

SUBSURFACE PROFILE SAMPLE
_ - | &
m £ | & Standard
L = = . Remarks
E Description E Z ..—é % Pentration Test
z | B 0 : z % s 2
5§ ¢ ? § 5. 8/ 5] 8! a 00,
3 U?)‘ 2 (=] z }r o @€ a L 1 -
41 1418 Firm to stiff, mottled ¢
b gray and yellowish brown, 8 | DO 13 23724 I'N/A
16 SILTY CLAY, little coarse to 16-18'
1 fine sand. (CH) Pertormed sieve
17 9 |DO| 14 [20/24 NA | @ analysis and
3 18 Atterberg limits.
18 T 1824 Compact, reddish 12284 USCS: {CH)
7 | brown, MEDIUM to FINE s
19 | SAND, little clayey silt. 10 |DO | 23 {1924 | N/A °
20
21 {SP-SM) 11100 25 |19/24) N/A °
22 : 22-24'
i Performed sieve
23 12 |DO | 12 19/24 | N/A | @ analysis.
USCS: (SP-SM)
241 24
3‘7 2t 24-28' Compact, mottled 116.84
ik S yeliowish brown and
25:::::: | reddish yellow, MEDIUM to 13 /DO 14 [ 1824 | N/A | @ @ 25
j- . ;I!:JE SAND, little clayey 3" clay lense.
26 ' (SP-SM)
27§ {14 {DO| 11 |15/24 NA | @ @zr
"‘ 4" clay lensa.
28 1 28 '
ii 28-31' Compact, mattied 11264
yellowish gray, brown and
293771 red, MEDIUM 1o FINE (SP-SM) 15 DO 18 |18/24 | NA | @
SAND, little clayey silt. @ 30
30 — lran sand lense.
DRILLING COMPANY: CHESAPEAKE GEOSYSTEMS INC. LOGGED: SLW
DRILL METHOD: HSA . CHECKED: RIO

DRILL RIG: MOBILE B-80
DRILLER: BRIAN VAN DURAN
DRILL DATE: 5/8/00

DATE: 7/10/00

SHEET: 20f 3

AR3

0140




PROJECT NO: 986-1100

CLIENT: SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: SLW

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA

SOIL LOG OF BOREHOLE $BS-10

DATUM: MSL

COORDINATES: N 6719608.83, E 11975554.76

SITE LOCATION: ARROWHEAD FACILITY

BORING LOCATION: -

DRILL RIG: MOBILE B-80

DRILLER: BRIAN VAN DURAN

DRILL DATE: 5/8/00

SUBSURFACE PROFILE 1 SAMPLE
— , [
- | e |
l E | g % Standard I‘ Remarks
E Description 3 ‘ | Z = % Pentration Test ;
z | 3 L 13 =8 8 |
% E § g f g g 3 S a 20 brxlgwggt 80
3 (SP-sM)|
31 : L16 |DO | 12 | 20724 1 NA
1 31-34' Loose , gray, 109,84 *
: 1 MEDIUM to FINE SAND, i
32" | some silty clay.
= (s0) ;
3340 17 1DO| 4 2324 | NA
1 .
1 .
ag i 34
' 34-44' Soft, dark gray, 106.84
SILTY CLAY, some
35 / medium to fine sand. 18 (DO | 5 |24/24 | N/A
iﬂ | 1
36 | 1
: .
375; 119 100 | 7 |24/24| N/A
ij? |
3g -] / (CH) :
39 -4 /j 20 | DO| 8 |24/24| NA |@
]
40
41 /j ﬂ 21 [DO| 6 |24/24] N/A
a2 /|//¢ 42
: . 58 84
] Borehole Terminated
431 @ 42' BGS.
447 | |
|
% l |
45 I
| | -
DRILLING COMPANY: CHESAPEAKE GEQSYSTEMS INC. LOGGED: SLW
DRILL METHOD: HSA CHECKED: RIO

DATE: 710/00

SHEET: 30t 3

AR301L0S




SOIL LOG OF BOREHOLE SBS-11

PROJECT NO: 996-1100

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA

CLIENT: SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: SLW

DATUM: MSL

COORDINATES: N 6719456.82, E 11975684 .52

SITE LOCATION: ARROWHEAD FACILITY

BORING LOCATION: -

SUBSURFACE PRQFILE SAMPLE
! ' | -
m £ & Standard
= = o ; Remarks
E Description 2 z —‘S £ Pentration Test
= | 3 o | £ I E S| 8 &
£ 4 £ 2l o| £ 8 T blows/ft
s | E 2 $ |Elga| 3| 8| o | 20406080
=] %] v [m] Zz, ~ l [ia) [»dl o P
0 1 Ground Surtace i 0 | | ]
i | 0-2' Loose, brown, 142.41 [
1| MEDIUM to FINE SAND, ;
1 % : 1 some clayey silt. (SM) 1 1 DO 9 1224 | N/A | @
PR 2 i -
j:; | 2-6' Loose, reddish brown, 140.41
4701 MEDIUM to FINE SAND
3%55 b and SILTY CLAY. ; 2 1 DO 4 | 17/24 | N/A r
i : |
4%@@ (SC-SM) | L }
5 \ 3|D0| 7 |1224| 04 @
] 6 |
6 +be ;
1] 8-14' Loose to dense, 136.41 |
b 1 reddish brown, MEDIUM to i : |
74 | FINE S8AND, some clayey 4 DO| 7 1624 NA |® !
B = silt. i
b \ i ! |
57 =
i
9 5 DO| 20 |1824] 01 | @
SEEHE
10
1:: : (SM} |
1= 6 {DO| 52 19/24 | N/A ® i
j” 5 [ @ 115
12 L ! fron sand lense.
jf:: ! ' [
134 \ 7 DO| 15 1624 NA | @
3 | | |
143 L ; -
3L L .
DRILLING COMPANY: CHESAPEAKE GEOSYSTEMS INC. LOGGED: SLW
DRILL METHOD: HSA CHECKED: RIO

DRILL RIG: MOBILE B-8¢
ORILLER: BRIAN VAN DURAN
DRILL DATE: 5/5/00

DATE: 7/10/00

SHEET: 10f 3

AR301406




PROJECT NO: 996-1100

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA

SOIL LOG OF BOREHOLE $BS-11

DATUM: MSL

COORDINATES: N 6719456.82, E 11975684.52

CULIENT: SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: SLW

SITE LOCATION: ARROWHEAD FACILITY

BORING LOCATION: -

DRILL RIG: MOBILE B-80
DRILLER:BRIAN VAN DURAN
DRILL DATE: £/5/00

SUBSURFACE PROFILE SAMPLE T
| : - [ 7 [
I _ i _ E ‘
E ‘ | g g Standard Remarks
E Descriplion 2 z :a £ | Pentration Test
= | 3 0 % g % 2 3
=
g ¢ 2 L F(Erg B3l 2%
a | (?)‘ 2 o =z |3" o r o P R
1) 6-14' Loose to dense,
-2 reddish brown, MEDIUM to 8 DO 141424 | NA T
16— | FINE SAND, some clayey = |
N 4 sift. (SM)
174 9 {DO| 18 |16/24| NA | @
!
18 L . 18 |
b 1 18-22' Compact, reddish 124.41
b 1 brown, MEDIUM to FINE
19{ 1 SAND, littie clayey silt. 10 /DO 20 | 20/24 | N/A ®
20-] (SP-SM) *
3 5 v ' l !
21 - 11 |DO | 26 20/24 | N/A ®
22 : 22 ’
- | 22-28' Compact, mottled 120.41 |
j‘ 1 yellowish brown and ’
23 | reddish yellow, MEDIUM to 12 | DO| 13 |[15/24! NA ' @
S FINE SAND, little clayey 1
1 sin
243 G N S S
: | |
25—_; {SP-5M} 13 | DO 12 21/24 r 0.0 ! ®
e .
26 . p—— ' 26-28'
o ‘ Perfarmed sieve
27 14 [DO; 12 |[18/24 ] N/A | @ ' analysis.
3 USCS: (S5P-SM)
28 il 28 ‘. ‘
-0 | 28-35' Compact, mottied 114.41 |
st yellowish brown, red and
29 — i black, MEDIUM to FINE (SP-SM) 15 DO | 14 17/24 7 N/A | @
Tl SAND, little clayey silt. i !
30 :1 : i
L _ I l
DRILLING COMPANY: CHESAPEAKE GEQSYSTEMS INC. LOGGED: S5LW
ORILL METHOD: HSA CHECKED: RIQ

DATE: 7/10/00

SHEET. 20f 3

AR301L07




SOIL LOG OF BOREHOLE SBS-11

PROJECT NO: 996-1100 DATUM: MSL

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: N 6719456.82, E 11975684 .52
CLIENT: SALTIRE INDUSTRIAL, INC. SITE LOCATION: ARROWHEAD FACILITY

GSL INSPECTOR: SLW BORING LOCATION: -

DRILL RIG: MOBILE B-80
DRILLER: BRIAN VAN DURAN
DRILL DATE: 5/5/00

SUBSURFACE PROFILE SAMPLE !
T | T T4
o g |
1 L Z &
! Ii_-, L2 = p Stta?d:r_cli_ . ‘ Remarks
- Description Loz z = £ eéntration Tes
E : v [ p e E
- | s % 13 $1 2 2
£ 2 a . £ 21 o) £ 8 o, biows/ft
g & @ | & | 512 23| 8| 2 i 20406080
(=] w 2 i a =z =] m @ [+ 8 Loy
4] 28-35' Compact, mottled i
17177 yellowish brown, red and ‘ . .
31-3:7:00 black, MEDIUM to FINE l 16 [DO| 20 [15/24 | N/A | ® |
j__ 1 SAND, little clayey silt.
32 1@5 32-34'
: {SP-SM) | i Performed sieve
333 | 17 |DO| 14 |1824| 00 | ® analysis.
I ‘ USCS: (SP-SM)
34 i ﬁ ,
] | s | :
: 1 24
3 3 1 35-36' Loose, dark gray, + 107.41 8100} & |2 NA @
4150 MEDIUM to FINE SAND, (SC) ) 3 |
36 Tofsome sul.ty clay. 706 41 4 |
] 36-44' Firm, dark gray,
. SILTY CLAY, some
377 medium to fine sand. 19 DO 5 2324 NA @
38 %
] |
39 -j 20 | DO| 5 24/124 | 0.0 @
] ! 1]
40 ij A {CH) !
a0 -
415 121 |DO| 7 |24/24| N/A |@
42 - / Performed sieve
b jm: ‘ ! analysis and
43 ~ 22 | DO 8 24/24 | N/A |@® Afterberg limits.
j/ | uscs: (C
j/u// a4 | H(CH)
44 t
, 98.41 |
Boring Terminated |
457* @ 44' BGS. 1 [ !
DRILLING COMPANY: CHESAPEAKE GEOSYSTEMS INC. LOGGED: SLW
DRILL METHOD: HSA CHECKED: RIO

DATE: 7/10/00

SHEET. 30f 3

AR301408




SOIL LOG OF BOREHOLE SBS-12

PROJECT NO: 896-1100

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA

CLIENT:

SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: SLW

DATUM: MSL

COORDINATES: N 6719183.85 E 11975657.99

SITE LOCATION: ARROWHEAD FACILITY

BORING LOCATION: -

DRILL RIG: MOBILE B-80

DRILLER

: BRIAN VAN DURAN

DRILL DATE: 5/8/00

DATE: 7/10/00

SHEET: 10t 3

SUBSURFACE PROFILE SAMPLE
j— IJ T .
i s z £ ' sandad
‘ = . b4 o | . Remarks
o i Description ? z z = % Pentration Test
= 3 g |3 £ ga; 3
g‘ | £ § g g 3 5 g g 20 bicoawgcgt 80
8 U:'? 2 8 é .3‘ o &, a 1 1 1 1
0 Ground Surface 0
"""" 1 0-2' Compact, brown, I . 142.03
1 MEDIUM to FINE SAND, !
1 | some clayey silt. b(SM) 1 /DO 1 624 | 38 | @
2 |
¢ | 2-10' Loose to compact, 140.03 ]
- | reddish brown, MEDIUM to
3—3 | FINE SAND, some silty : 2 |DO 8 12/24| 09 |@
3 4 clay.
4
i
5 ? ; 3 |DO| 8 |12/24] 08 @
g1 (SC-SM) ‘
]
7 4 |DO| 14 |1824| 05 | @
e | i
8 % : 1
9 5 [DO| 10 (12241 02 |@ '
b H
10 3 R 10
+:}1 T 10-11" Firm, reddish brown, 132.03
{ 4«1 | SILTY CLAY and FINE co :
" f ~SAND. 13103 6 DO N 18/24 | 03 ' @
. | 11-12' Compact, reddish (SC) 12’ @ 13-13.2
12 | brown, FINE SAND, some i fron sand lense.
[\silty clay. 130.03 133136
| 12-16.5' Compact, reddish SR
13 | brown, MEDIUM to FINE 7 100 23 |19/24| 04 ® Light gray silty
| SAND, some clayey silt. clay (CH) lense.
143 14.2-14.3
- {SM} . .
1 ! Light gray silty
15 :‘ ;;{[ | ( l | @ i clay {CH) iense.
DRILLING COMPANY: CHESAPEAKE GEOSYSTEMS INC. LOGGED: SLW
CRILL METHOD: HSA CHECKED: RIO

AR301LOS




SOIL LOG OF BOREHOLE SBS-12

PROJECT NO: 996-1100

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA

CLIENT: SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: SLW

DATUM: MSL

COORDINATES: N 6719183.85 E 11975657.99

SITE LOCATION: ARROWHEAD FACILITY

BORING LOCATION: -

SUBSURFACE PROFILE SAMPLE
T ‘ |
! \ _ ‘ b ! €
{-1_-, ‘ | g g Standard Remark
- Description > | > = & | Pentration Test marks
€ g |3 Sl g%
£ - 2 3 % > 4
3 3 § |2 /28| & | & [ RO
| 12-16.5' Compact, reddish j ' .
| prown, MEDIUM to FINE (SM) 8 DO} 12 "18/24 ( 08
16 1 SAND, some clayey silt. i } l !
16.5 L
16.5-18.3' Soft, light gray, i 125.53 I
17 SILTY CLAY, trace fine ¢ (00| 7 ;1824 09 @
sand. {CH) i
18 18.3 -
i | 18.3-28' Compact to loose, 123.73 ‘
19-J:: 7| white and yellowish mottled, ‘ ‘10 'DO 14 |1824] 02 | @
1o MEDIUM to FINE SAND.,
. | littte clayey silt.
20 :
- ( 1
21 “ 11|DO| 22 |24/24| 03 | ®
] |
22 {
3
23i (SP-SM) ‘ 12 iDO 16 14."24; 0.2 ®
5 ‘ .
24j" I A S—
4 ‘ i
1 :
253 i 13 |DO| 14 1824 03 | @
1 i
26 +
1 |
j., | ! i
273 | 1a!D0| 6 |2424] 02 | 27.27.2
s ' Light it
1T 28-34 8 Compact, mottied STy T clay (CH) lense.
3 || gray, brown and red, i 28.5-28.8'
295157y MEDIUM to FINE SAND, | (SP-SM) | 15 /DO 14 1824 03 | @ Light gray sitty
i | little clayey silt, trace iron | !
! | tragments. i ‘ ! clay (CH) lense.
30%. - ‘ S N B ]
s | ‘ [ ! T \
DRILLING COMPANY: CHESAPEAKE GEOSYSTEMS INC. LOGGED: SLW
DRILL METHOD: HSA CHECKED: RIO

DRILL RiG: MOBILE B-80 DATE: 7/10/00
DRILLER: BRIAN VAN DURAN

DRILL DATE: 5/8/00 SHEET: 20t 3

AR30IL410




SOIL LOG OF BOREHOLE SBS-12

PROJECT NO: 996-1100

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA

CLIENT: SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: SLW

DATUM: MSL

COORDINATES: N 6719183.85 E 11975657.98

SiTE LOCATION: ARROWHEAD FACILITY

BORING LOCATION: -

SUBSURFACE PROFILE SAMPLE
HE— T
REEENr :
L:’ g | = Standard Remarks
= Description > > = E’ Pentration Test
t; i g . : > | §
= | 8 0 T % 3 q
- ? g [E|&| & § a 20 %0 80 80
31| & 35 a z| & @ i T Al O il
100001 28-34.5' Compact, mottled .
] | gray, brown and red, 30-32
31 | MEDIUM to FINE SAND, 16 |DO| 11 11824 0.1 | @ Performed sieve
: little clayey siit, trace iron ‘ ! analysis.
] | fragments. i
324 : (SP-SM) USCS: (SP-SM)
33 17 /DO | 17 2424, 02 | ®
34 ans 34-36'
] : : Pert d si
] 134.5-36.3 Loose, dark gray, 10753 eriormed sieve
35 | MEDIUM to FINE SAND, 18 (DO} 9 (2424 05 | @ analysis.
. | little clayey silt. {SP-5M) USCS: (SP-SM)
36j:::::':: 36.3
i 36.3-42' Firm to sfiff, dark 105.73 L
374 gray, SILTY CLAY, some 19 |DO| 4 |24/i24 | 00
j/ medium 1o fine sand.
38 ﬁ |
39 {ﬁ (CH) 20 |DO| 4 |24/24| 0.1 r
o ]
#1 ;Q; 21 1D0] 3 |24/24| NA r
4o T 42
. 100.03
i Boring Terminated
43+ @ 42'BGS.
.
44
i
i
45 j
DRILLING COMPANY: CHESAPEAKE GEOSYSTEMS INC. LOGGED: SLW
DRILL METHOD: HSA. CHECKED: RIO

DRILL RIG: MOBILE B-80
CRILLER: BRIAN VAN DURAN
DRILL DATE: 5/8/00

DATE: 7/10/00

SHEET: 30t 3

AR30 1L |




SOIL LOG OF BOREHOLE SBS-13

PROJECT NO: 996-1100 DATUM: MSL
PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: (APPROX.) N 6719758, E 11975425
CLIENT: SALTIRE INDUSTRIAL, INC. SITE LOCATION: ARROWHEAD FACILITY
GSL INSPECTOR: GM BORING LOCATION: -
SUBSURFACE PROFILE SAMPLE
l ] 5 -
- - &
£ | g | = Standard
- Description L M 5 2 2 | Pentration Test Remarks
2 : =]
Sls . | S5l 1518 3
51 ¢ 2 5|5 8 F 5|2 »BWTw
3| & | 3 8 2| | & 4 F 0 40 60 80
0 Ground Surface 0
4770 0-2' Brown, MEDIUM to t41
15711 '] FINE SAND, some clayey . N l
1 s (SM) 1 (o) X sl oo
E 2 I
2 -+ - |
1 1 2.12' Loose to dense, 139
B -1 reddish brown, MEDIUM to
3 % ;| FINE SAND, trace silt. l 2 | DO 5 18/24 | N/A
4 3 —
5 j 3|poj 15 (1224 NA | @
o1
7j:5 : (SP) 4 DO 17 |2024| 07 | @
8 %i
o 5§ |DO'| 26 1524 NNA | ®
104: |
114 6 DO| 34 |16/24| 0.0 e
12 : - 12
47771 12-18.2' Compact to loose, 129
1 | reddish brown, MEDIUM to
13 3 1 FINE SAND, iittle clayey 7 /DO 24 |24 | NA| @
j silt. I (SP-SM) !
14
1501 | ‘ ‘ |
DRILLING COMPANY: CHESAPEAKE GEOSYSTEMS INC. LOGGED: GM
DRILL METHOD: 4-1/4" HSA - CHECKED: RIC
CRILL A1G MOBILE DRILL DATE: 7/28/00
DRILLER: AARON EICHELBERGER
DRILL DATE: 7/18/00 SHEET: 10of 3

AR301412




SOIL LOG OF BOREHOLE SBS-13

PROJECT NO: 996-1100 DATUM: MSL
PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: (APPROX.) N 6719758, E 11975425
CLIENT: SALTIRE INDUSTRIAL, INC. SITE LOCATION: ARROWHEAD FACILITY
GSL INSPECTOR: GM BORING LOCATION: -
SUBSURFACE PROFILE SAMPLE
T _r—'—’_ | ~
| £ s &
i = = Standard
- Description : b ..2, E’ Pentration Test Remarks
E @ = ' P g
= | § ) < 3 S 2 &
5| € ? 2 |5 8] 2 8§ 2| 2040 e
8 U>'J\ i o a z| £ o o o R M )
1 1218 2 Compact to loose,
T reddish brown, MEDIUM to
16 I FINE SAND, little clayey
3 silt,
I (SP-SM)
17
3
18: 18.2 i ]
18.2-22.4' Firm to soft, 122.8
mottled gray and yellowish
brown, SILTY CLAY, some 8 . DO 6 20/24 1 N/A @
fine sand. =
i
(CH)
9 |\DO| 6 |2324) 03 |@ !
! 22.4
-1 22.4-27' Dense to loose, | 1186
- mottied gray and yeilowish 12 | DO | 34 | 24/24 | N/A ®
2 brown, MEDIUM to FINE
| SAND, little clayey silt,
3 24.2¢'
| (SP-SM} Performed sieve
13 1 BO 8 24/24 1 00 | @ analysis.
USCS: (SM)
. 27 |
— ; 14 DO ! 186 24/24 | N/A ®
| 27-30.7' Compact to loose | 114
| brown, MEDIUM TO FINE |
- SAND, some clayey silt, , 28-30
(SM) | Performed sieve
‘ 151DO| 5 {1224 NA @ ‘ analysis.
} USCS: (SM)
J l
DRILLING COMPANY: CHESAPEAKE GEQOSYSTEMS INC. LOGGED: GM
DRILL METHOD: 4-1/4" HSA.. . CHECKED: RIQ
DRILL RIG: MOBILE DRILL DATE: 7/26/00
DRILLER; AARON EICHELBERGER
ORILL DATE: 7/18/00 SHEET: 2013

AR301GL13




SOIL LOG OF BOREHOLE 5BS-13

PROJECT NO: 996-1100

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA

CLIENT: SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: GM

DATUM: MSL

COORDINATES: (APPROX.) N 6719758, E 11975425

SITE LOCATION: ARROWHEAD FACILITY

BORING LOCATION: -

SUBSURFACE PROFILE SAMPLE J
T -
_ - | E
E Z e Standard
= . 2 o ) Remarks
E Description 3 z =E £ Pentration Test
= 3 'i' g | = g b5
g 8 & 2 £ g ¢ 3 g blows/ft
Q9
g & 2 E 3| F| 3| & 2 muew
{SM) 307
i 30.7-32.9' Compact 1o 1103 |16 (DO | 28 |24/24! 0.0 °
1 loose, mattled red, gray and 1
| brown, MEDIUM to FINE Sp.
| SAND, little clayey silt, (SP-SM) 32-34'
| trace fine gravel (iron Performed sieve
- fragments). 2 7ipo! 5 l1z2a! A e analysis
| 32.9-34.5' Loose 1o . 108.1 ySIS.
| compact, gray, MEDIUM to (SP-SM) USCS: (SM)
1 FINE SAND, little clayay
L) silt. 345
34.5-38' Firm to stiff, gray, i 1085
SILTY CLAY, some 18 [ DO 18 18/24 1 01 | ]
medium to fine sand.
| |
{CH;)
19 | DO 7 24/24 | N/A |®
38
b 103
] Boring Terminated
39— @ 38 BGS.
40
]
41
423 '
43
adl |
|
PER | |
! | | H L
DRILLING COMPANY. CHESAPEAKE GEOSYSTEMS INC. LOGGED: GM
DRILL METHOD: 4-1/4" HSA . CHECKED: RIQ

DRILL RIG: MOBILE DRILL
DRILLER: AARON EICHELBERGER
DRILL DATE: 7/19/00

DATE: 7/26/00

SHEET: 30t 3

AR30I1GLIL




SOIL LOG OF BOREHOLE SBD-2

PROJECT NO: 996-1100 DATUM: MSL

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: N 671963532, E 11974652.29

CLIENT: SALTIRE INDUSTRIAL, INC.

SIiTE LOCATION: ARROWHEAD FACILITY

GSL INSPECTOR: SLW BORING LOCATION: -
SUBSURFACE PROFILE SAMPLE
B . [ i
] . | E 3
' T £ = Standard
= . 2 > ; Remarks
= Description 3 2 :E % Pentration Test
L3 b s €| g | 3
£ £ a S E|g| §! 8 ¢ blows/ft
8|5, 2 | & 3]21 8¢ 8 mymw
3 No samples taken above .
] 55' BGS. 0-55
51+ 7 Installed
1. | (grouted) 8" Dia.
S2 —E steel casing.
53 ;
B!
- [
54 |
55 . 55
15 55-63' Loose to compact, | 9223
40 | dark gray, FINE SAND,
56— | some clayey siit. t tDO| 14 24/24 | (0.0 L
57 |  57-59'
p ' . Performed sieve
56 . 2 |DO| 13 [24/24 | 00 | @ analysis and
1 Atterberg fimits
59 (SM) USCS: (SM)
] i
60 i 3 |DO| 12 j24/24, 00 | ®
61
62 4 |00 9 |2424] 00 @
o |
83 63 i
J::] L 63-75' Loose to compact, 84.23 ‘
4471 dark gray, FINE SAND and : 7
84 ‘ SILTY CLAY. 5 | DO 7 24/24 | 0.0 @ ’
14T | | |
85 v ; |
_]: Sy J' [ | l
DRILLING COMPANY: CHESAPEAKE GEOSYST \\\‘é LOGGED: SLwW
DRILL METHOD: 12" MUD ROTARY/ 3-1/4" HSA ”», \\\ CHECKED: RIO
DRILL RIG; MOBILE B-80 - ’ DATE: 7/10/00
DRILLER: BRIAN VAN DURAN GOLOER
DRILL DATE:; 5/17/00 ,Sff..?ﬁfl SHEET: 1t of 5




SOIL LOG OF BOREHOLE SBD-2

PROJECT NO: §96-1100 DATUM: MSL

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: N 6719635.32, E 11974652 29

CLIENT: SALTIRE INDUSTRIAL, INC.

SITE LOCATION: ARROWHEAD FACILITY

GSL INSPECTOR: SLW BORING LOCATION: -
SUBSURFACE PROFILE { SAMPLE |
o - | §
& £ = Standard
= Z = . Remarks
oy Description 3 = = 13 Pentration Test
£ 5 g |y s §|3
e | 3 @ g £y 2 - blows/ft
o
8| a g S |2|2/ 8 & | & [ P46
111 83-75" Loose to compact,
14T dark gray. FINE SAND and !
86::{ i SILTY CLAY. 6 |DO| 12 | 2424| 00 | @
67 f:}:
68 ]t 7 |DO| & |2424| 00 |®
697 1l (SC)
7037 8 [DO| 7 !2424| 00 |@
kst
72 3 9 DO| 12 |2424! 00 | @
73447
78 J T 10|po| 11 |2424] 00 |@
75 NI (19 75
1~ 1 75.83 Firm to stff, dark 72.23
::I:P gray, SILTY CLAY, some
76 fine sand. 11 |DO| 12 |24/24| 00 | @
77 /:
78 3/:] 12 |DO; 11 |[24/24| 00 | @
79 {CH)
80 °
DRILLING COMPANY: CHESAPEAKE GEOSYST \\\‘é LOGGED: SLW
DRILL METHOD: 12 MUD ROTARY/ 3-1/4" HSA ?‘\\\ CHECKED: RIO
DRILL RIG: MOBILE B-80 DATE: 7/10/00
DRILLER: BRIAN VAN DURAN GOLDER
DRILL DATE: 5/17/00 SIERRA SHEET: 20t 5

ARIUTUTE



SOIL LOG OF BOREHOLE §BD-2

PROJECT NO: 996-1100 DATUM: MSL
PROJECT: SALTIRE/ ABROWHEAD PLATING/ VA COORDINATES: N 6719635.32, E 11974652.29
CLIENT: SALTIRE INDUSTRIAL, INC. SITE LOCATION: ARROWHEAD FACILITY
GSL INSPECTOR: SLW BORING LOCATION: -
SUBSURFACE PROFILE SAMPLE
i T
3 i 3
i — oot [=%
: | T g & Standard
i ! = ! ‘ Remarks
= ! Description i 2 | 5 £ € ¢ Pentration Test
t | @ ol = bl E .
t | 8 o : |3 % 2 e
21t 9 s |E|&| 5| 8 5 20 40750 80
8 t ﬁf>JN ] 3 = IE: o0 a o 1 1 1 1
‘ 75-83' Firm to stiff, dark '
%;[:F gray, SILTY GLAY, some 13 |DO | 12 | 24124 | 0.0
81 —_/ fine sand. :
z ;m; i :
g 14 | DO .
82 A 11 (2424 00 | @
17
g o 83
83 134 : 83-85
411 | 83-93'Loose to compact, 64.23 ! ;
T | dark gray, FINE SAND and ; ‘ Performed sieve
1| sILTY CLAY. 15 DO | 13 | 2424 00 | @ analysis and
: ' Atterberg limits.
USCS: (SC)
i
16 | DO 11 24/24 | 00 | @
(8C) !
l
L
17 | DO 11 124/24| 00 | @
, :
|
i 18 | DO 8 24/24 | 00 | @
-
4 ' !
T 19 /DO | 10 |24/24 00 |@ i
93 B 93
< 93-105' Stiff to very stiff, 54.23
| dark gray, SILTY CLAY,
94 / some fine sand. 20 | DO 9 124/24| 00 | @
iﬂj -
s - i
DRILLING COMPANY: CHESAPEAKE GEOSYST \\\é LOGGED: SLW
DRILL METHOD: 12" MUD ROTARY/ 3-1/4" HSA [ \\\ CHECKED: RIO
DRILL RIG: MOBILE B-80 ’ DATE: 710/00
DRILLER: BRIAN VAN DURAN Ggiﬂfﬂ
DRILL DATE: 5/17/00 S!fg}?ﬂ SHEET: 30f5

AR30ILIT




SOIL LOG OF BOREHOLE SBD-2
PROJECT NO: 996-1100 DATUM: MSL
PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: N 6719635.32, E 11974652.29
CLIENT: SALTIRE INDUSTRIAL. INC: SITE LOCATION: ARROWHEAD FACILITY
GSL INSPECTOR: SLW BORING LOCATION: -
SUBSURFACE PROFILE SAMPLE
N | E
E' g g Standard Remarks
E Description 3 5 < _g' Pentration Test
T I o o
- —= i ] o
s | £ -8 % 8 g § % = blows/ft
8| & 3 8§ 12/ &| & | & |z DN
7 93-105' Siiff to very stiff,
1 dark gray, SILTY CLAY, ‘ :
96 j/ some fine sand. : 21 (DO | 13 [(24/24| 00 | @
97 3:|
?E?
1
98 22 |DO| 13 |24/24| 00 | @
ﬂ/jf
99%/ (CH)
100 ///r 23 |DO| 9 |24/24| 11 |@
101 jﬁ;
102 iﬁ 24 |DO| 13 |24241 00 | @
103—"j$/’:
104—:£ 25 (DO 11 |2424| 02 | @
05 g 105
1| L:] 105-111' Compact, dark 42.23
1471 gray” FINE SAND and
1061 |17 SILTY CLAY, 26 |DO| 12 |24/24| 00 | @
107-:
3
108%5; (SC) 27 (DO | 24 |2424| 02 | @
109%::
1k
1o+ o
DRILLING COMPANY: CHESAPEAKE GEOSYST \\\‘é LOGGED: SLW
DRILL METHOD: 12° MUD ROTARY/ 3-1/4" HSA Z. o\ CHECKED: RIO
DRILL RIG: MOBILE B-80 o DATE: 7/10/00
DRILLER: BRIAN VAN DURAN GOLDER
DRILL DATE: 5/17/00 SIERRA SHEET: 4 of 5

AR3OTLTE



SOIL L.OG OF BOREHOLE SBD-2

PROJECT NO: 996-1100 DATUM: MSL
PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: N 6719635.32, £ 11974652.29
CLIENT: SALTIRE INDUSTRIAL, INC. SITE LOCATION: ARROWHEAD FAGILITY
GSL INSPECTOR: SLW BORING LOCATION: -
SUBSURFACE PROFILE SAMPLE |
: i ;
| £ ;
— : = & :
£ : 2 Standard
= . 2 I o . Remarks
E Description Z | z = £ Pentration Test :
t o3 SRR
£ i
g1t g % 518 ElE o oW
Q U?)\ > j o r4 F:: ! n [+8 a 1 f ] 1
S I T | :
] 28 |DOI 26 |24/24| 03
1: 11
111 | 36.23
] Boring Terminated
112 @ 111'BGS.
113~
114
115
116 | ‘ !
] I |
117% ? :
118 i
1195
b
120 i
121 |
4 |
b \
122 \ !
: | !
123 J |
: !
124
d
125 i |
1
DRILLING COMPANY: CHESAPEAKE GEOSYST \\\é LOGGED: SLW
DRILL METHOD: 12" MUD ROTARY/ 3-1/4" HSA % N\ CHECKED: RIO
DRILL RIG: MOBILE B-80 m s DATE: 7/10/00
DRILLER: BRIAN VAN DURAN GOLDER
DRILL DATE: 5/17/00 SIFRRA SHEET:50f 5

AR30TLI9



SOIL LOG OF BOREHOLE SBD-3

PROJECT NO: 996-1100 DATUM: MSL

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: N 6720020.57, E 11975728.45

CLIENT: SALTIRE INDUSTRIAL, INC.

SITE LOCATION: ARROWHEAD FACILITY

GSL INSPECTOR: SLW BORING LOCATION: -
SUBSURFACE PROFILE SAMPLE
] _ | E
) % g‘ Standard . oo
- Description 5 > £ . 2 | Pentration Test |
i 2 ¥ > | =
— 5 w D = i) g
| 3 Lo 2 |8 4| 2 23 | & blows/ft
gk A ¢ |5/ 8| 3 8 2 | 204006080
Q 0 2 0 Z | - m o a A Y N
B No samples taken above ; .
55 BGS. ' 0-55
51+ . instailed
] i ! (grouted) 8" Dia,
52 | : , steel casing.
3 |
53 !
54 |
55 ] 55
1::{::L: | Loose, dark gray, FINE ! B4.33
4T | SAND and SILTY CLAY. ,
56% S 1 |DO| 7 |24/24| 08 @
] I
57
S . . .
58 ‘ 2 [DO 7 24/24 | 09 @
33 = | i |
59 5| | (SC-SM)
{4
o
603 - 3 0O 7 l24/24) 03 '@
613
szi@ f 4100 8 |2424] 12 |@
| T
3 5 |DOj 6 |24/24] 00 @
DRILLING COMPANY: CHESAPEAKE GEOSYST \\\ ’ LOGGED: SLW
DRILL METHOD: 12" MUD ROTARY/ 3-1/4" HSA -, \\\ CHECKED: RIO
DRILL RIG: MOBILE B-80 ’ DATE: 7/10/00
~ GOLDER
DRILLER: BRIAN VAN DURAN Fivi L
DRILL DATE: 5/19/00 S’fﬁﬁﬂ SHEET: t of5

AR301420




SOIL LOG OF BOREHOLE SBD-3

PROJECT NO: 996-1100 DATUM: MSL

PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA
CLIENT: SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: SLW

BORING LOCATION: -

COORDINATES: N 672002057, E 11975728B.45

SITE LOCATION: ARROWHEAD FACILITY

SUBSURFACE PROFILE SAMPLE
| _ _ ¢
| | & 5 % Standard Remarks
~ ! ‘ Description ] 3 Z —; £ Pentration Test
& ‘ 5 w o = g 8
£ | 2 @ % £ 8 g 8 g blows/ft
; =]
§ 5 2 | & 2|2]§|& g mvew
1t Loose, dark gray, FINE ; . N
‘AT | SAND and SILTY CLAY. l ‘
6|} | 6 |DO| 8 |2424 00 @
o L 67
1 67-76' Firm to stiff, dark 72.33
7 gray, SILTY CLAY, some
88 j/ fine sand. | 7 [DO| 10 |24/24| 00 '@
69 j‘:/l :
70 5:/r/F 8 D0 12 ‘2424 00 | @
71 :t (CH) 71-73
j/? F . Performed sieve
‘ : _
72 3 / | 9 DO| 13 2424, 00 @ analysis and
G ;m; ! Atterberg limits
73 i/ USCS: (CH)
74 ﬁ 10 | DO 10 24/24 | 00 | @
75 ﬁ/f
1 4 K 76
76l 11 | D 7 | 2424 | DO
=1L ;| 76-86' Loose to compact, 63.33 0 co @
- 41| dark gray, FINE SAND and
77%5; "1 SILTY CLAY. !
78~ 12 [DO| 7 2424 00 |®
i |
79 j . 1
j : ! i
8o |1 s .
DRILLING COMPANY: CHESAPEAKE GEOSYST A\ LOGGED: SLW
DRILL METHOD: 12* MUD ROTARY/ 3-1/4" HSA ’ \\\ CHECKED: RIO
DRILL RIG: MOBILE B-B0D . / DATE: 7/10/00
DRILLER: BRIAN VAN DURAN LGOLDER
DRILL DATE: 5/18/00 «ijqu?ﬁ SHEET: 20f 5

AR301421




SOIL LOG OF BOREHOLE SBD-3
PROJECT NO: 9961100 DATUM: MSL
PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: N 6720020 57, E 11975728 45
CLIENT: SALTIRE INDUSTRIAL, INC. SITE LOCATION: ARROWHEAD FACILITY
GSL INSPECTOR: SLW BORING LOCATION: -
SUBSURFACE PROFILE SAMPLE
L -~ | E
] .
| E’ % 5 Standard Remarks
— Description 1 3 5 =3 g Pentration Test
C | 5 T3 < | 5§ 3
g 5 S % £l g g 8 g blows/ft
8§l & 2 8§ 2|F 8| & |8 e
2]':1:1 76-86' Loose to compact,
j};ﬂ"f‘r' dark gray, FINE SAND and 13|D0 5 24/24; 0.0
81 i CEOLSILTY CLAY. {8C)
CEEH B 14|00 8 |2ar24] 00 |@
1k
s3]
R
345"1515‘ 3 15 |DO | 10 |24/24 | 0.0 |@
ket
85 Tt
86 ‘“"r 8 lis|0o| 7 !2424| 00 |®
+ 86-103' Stiff 1o very stiff, 53.33 )
. dark gray, SILTY CLAY, E
87 5 / some fine sand.
885/: (CH) 17 /DO | 10 (24/24| 00 |@
j
89 /j
sol/j 18 |DO| 10 |24/24) 00 |®
91 :iim
7
j
92 /jl 19 |DO| 12 |24/24| 00 | @
93 ﬁ
94 ;ﬂa 20 (DO : 311 24241 09 |®@
j/ | i
95 :? !
il | l
DRILLING COMPANY: CHESAPEAKE GEOSYST \\\‘é LOGGED: SLW
DRILL METHOD: 12" MUD ROTARY/ 3-1/4" HSA % 2\ CHECKED: RIO
DRILL RIG: MOBILE B-80 , DATE: 7/10/00
DRILLER: BRIAN VAN DURAN GDLDER
DRILL DATE: 5/19/00 SIERRA SHEET: 30f 5

AR301422



SOIL LOG OF BOREHOLE SBD-3

PROJECT NO: 986-1100
PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA
CLIENT: SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: SLW

DATUM: MSL

COORDINATES: N 6720020.57, E 11975728.45

SITE LOCATION: ARROWHEAD FACILITY

BORING LOCATION: -

SUBSURFACE PROFILE SAMPLE
' :' -
- | = E
E g 2 Standard Remarks
E Description 2 > = g Pentration Test
~ i 3 o % o ; % 05 3
£ 2 3 - €l el % 3 = blows/tt
] 86-103' Stiff to very stiff, ' hn
- dark gray, SILTY CLAY,
96— / some fine sand. 21 |DO| 9 |2424| 06 |@
:j? (CH)
97 gk
98- / 22 |DO| 10 |24/24| 00 |@
99 — /j
Eﬁ?3 l
1004,/ 23:DO| 15 |24/24| 00 | ®
101 Jﬁj
102%5? 24 |DO| 26 |24/24| 03 ™
g
yos 4 103
jff 2} 103-111' Loose to compact, 36.33
45;«:’:' I dark gray, FINE SAND and
‘043? | SILTY CLAY. (SC-SM) 25 |DO| 10 [2424| 02 '@
26 DO 14 |24/24| 00 | ®
‘ 107-109"
! Performed sieve
27 {DO| 9 [2424] 00 |® analysis and
[ Atterberg limits.
USCS: (SC-SM)
i
|
o
i
DRILLING COMPANY: CHESAPEAKE GEOSYST \\\vé LOGGED: SLW
DRILL METHOD: 12" MUD ROTARY/ 3-1/4* HSA Z 2\ CHECKED: RIO
DRILL RIG: MOBILE B-80 o DATE: 7/10/00
DRILLER: BRIAN VAN DURAN GOLUOER
DRILL DATE: 5/19/00 BIERRA SHEET: 4 0f 5

AR301423




SOIL LOG OF BOREHOLE S$BD-3

PROJECT NO: 996-1100 DATUM: MSL
PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: N 6720020.57, E 11975728.45
CLIENT: SALTIRE INDUSTRIAL, INC. SITE LOCATION: ARROWHEAD FACILITY
GSL INSPECTOR: SLW BORING LOCATION: -
SUBSURFACE PROFILE SAMPLE
_ - | &
m € | & Standard
= Description g 5 g _g Pentration Test Remarks
S o | Yo E|. 5| E8
g8 E ? o3 E &8 %21 8 o 20 49" 80" 80
8| & = a zZ| 2| @ i o -
1Ly 28 |DO| 12 {24/24] 00
I i 1
] 28.33
1 Boring Tarminated -
112 @ 111'BGS. ‘
113 '
114
115
116 !
: |
174 |
118
119
120
1215
1225
]
123 !
. |
124 -
125 i
DRILLING COMPANY: CHESAPEAKE GEOSYST \\\é , LOGGED: SLW
DRILL METHOD: 12" MUD ROTARY/ 3-1/4" HSA RN CHECKED: RIO
DRILL RIG: MOBILE B-80 s DATE: 7/10/00
DRILLER: BRIAN VAN DURAN GOLDER .
DRILL DATE: 5/18/00 SIERRA SHEET: 50t 5

AR3OTLZG



SOIL LOG OF BOREHOLE MW-37

PROJECT NO: 396-1100 DATUM: MSL
PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: N 6719573.00, E 11975408.86
CLIENT: SALTIRE INDUSTRIAL, INC. SITE LOCATION: ARROWHEAD FACILITY
GSL INSPECTOR: SLW BORING LOCATION: ROUT 3 ROW
SUBSURFACE PROFILE SAMPLE
; ; P | ~
o | ~ . 1z | &
| : [ i L= 2 Standard
! - > P2 g | Pentration Test Remarks
E ! Description 4 Pz ; &
=1 8 ¢ % 2 s g | §
£ ¥ £ s/t
2 | E Q El g| 2| 8 I blow
g5 g 1§ 22§ & g noww
0 Ground Surface 0
157 0-2' Compact, brown, 148
1: | MEDIUM to FINE SAND,
14 | some clayey silt, (SM) 1 |DO| 15 |16/24| 15 | @
2 - 2
1L 2-10 Firm, red and 148
11| yellowish brown, SILTY
S—Jf; -1 CLAY and MEDIUM to 2 | DO 6 20/24 ) 03 '@
1|k FINE SAND.
3 | DO 14 21/24 1 0.8 L ]
| (CL-ML) L
i
| 4 (DO! 11 |21/24| 09 |®
|
1
5 | DO 9 15/24 | 0.9 |@
10 = 10
1 10-20' Compact to dense, 138 i
| reddish brown, MEDIUM to
11 1 FINE SAND, little clayay 6 DO | 17 [{20/24) 03 L ]
silt.
12
(SP-SM) }
13— 7 00| 20 |2224| 03 | @
14
15~ | 1 L
DRILLING COMPANY: CHESAPEAKE GEQSYST \\\‘é LOGGED: SLW
DRILL METHOD: 4-1/4" HSA -, \\\ CHECKED: RIO
DRILL RIG: MOBILE B-80 ? DATE: 7/10/00
DRILLER: BRIAN VAN DURAN GOLDER
DRILL DATE: 5/11/00 S‘IEQ}?A SHEET: 1 0f 3

AR301L2S




SOIL LOG OF BOREHOLE MW-37

PROJECT NO: 996-1100 DATUM: MSL
PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA COORDINATES: N 6719573.00, E 11975408.86
CLIENT: SALTIRE INDUSTRIAL, INC. SITE LOCATION: ARROWHEAD FACILITY
GSL INSPECTOR: SLW BORING LOCATION: ROUT 3 ROW
SUBSURFACE PROFILE SAMPLE .
— i —— g F
n ‘ z & Standard
= > o> . Remarks
E t Description z z = % Pentration Test
58 - i - = & &
£ 3 &3 £ 2 ] ? 2 < blows/ft
a S Q a E o O
gl a 2 | & 23| &2 | 2| peowe
e — T L
s 10-20° Compact to dense, : ;
j? ~ | reddish brown, MEDIUM to ! 8 DO\ 38 21724 03
16— -1} FINE SAND, fittle clayey ;
3‘ sflt.
17 = 19 ‘DO | 28 |20/24| 0.0 ®
] (SP-SM) "
181 18.1-18.3
: Iron sand lense.
19 10 .DO 16 [ 18/24 | 0Q ®
A E
1 20
201 . i
T 20-28 Compact to loose, 128 |
: .| yellowish brown, MEDIUM
2122 to FINE SAND, little clayey 11 Do| 14 [1824| 13 | @
: -l silt, trace fine gravel. |
22 : '
23 | 12/D0| 3 |22/24 00 @ |
5 |
241 | (SP-SM) !
25 13,(DO| 6 |20/24| 00 |® 25.1.25.3
1 ! iron sand lense.
o
|
14 | DO 8 1724 | 0.2 @
' 27.5-27.7"
‘ 28 Clay len
| 2B-34' Loose to compact, 120 y lense.
.+ mottied yellowish, brown . |
*| and gray, MEDIUM to FINE | (SP-SM) i15 DO 9 !23/24| 00 '@
: | SAND, little clayey silt. -
N \
DRILLING COMPANY. CHESAPEAKE GEQSYST \\\é LOGGED: SLwW
DRILL METHOD: 4-1/4" HSA 2. \\ CHECKED: RIO
A
DRILL RIG: MCBILE B-80 DATE: 7/10/00
DRILLER: BRIAN VAN DURAN OOLGER
DRILL DATE: 5/11/00 .%?ffﬁf?,;} SHEET: 20f 3

AR30TLZE



SOIL LOG OF BOREHOLE MW-37

PROJECT NO: 986-1100
PROJECT: SALTIRE/ ARROWHEAD PLATING/ VA
CLIENT: SALTIRE INDUSTRIAL, INC.

GSL INSPECTOR: SLW

DATUM: MSL
COORDINATES: N 6719573.00, E 11975408.86
SITE LOCATION: ARROWHEAD FACILITY

BORING LOCATION: ROUT 3 ROW

SUBSURFACE PROFILE | SAMPLE (
| | i i ' i
o 1 IR
‘ o l = e Standard
‘ = =z o , Remarks
E [ Description J q>,' z = ( _% i Pentration Test
L5 ; | % @ £ g g
-_g- ! .é ( 8 i =4 ‘E 8. g 8 r CDE ’ blows/ft
55 g2 | § 5|85/ 2 nupw
it 28-34' Loose to compact, ' . |
1 mottled yellowish, brown ' :
| and gray, MEDIUM to FINE 16 DO | 12 15/24( 0.1 {o
1 SAND, litile clayey silt. ' ’ ! !
(SP-SM) ( ' | IL {
17 |DO| 26 | 19/24 { 1.2 i ®
1-:: M 34 l ‘
34 :
34-35' Soft to firm, dark 114 '
gray, SILTY CLAY, some (CH) 35 i
36 —1~—<"1 medium to fine sand. 5 18|DO| 11 20224 00 | @
j' . 35-40' Compact, dark gray, |
353 MEDIUM to FINE SAND, ||
j some silty clay. l l
37 19100 12 (18/24| 00 | @
(8C)
38
393 20 00| 9 |2424| 00 |@
401::1::555 40
1 40-44 Soft to firm, dark 108
1 gra¥, SILTY CLAY, some
41 j/ medium to fine sand. 21 |DO| 9 24/24i 00 |®
a2 /;I (CH) | 1
] ? I |
433 22 JDO 10 |24/24| 00 @
7 | ' |
44 Bl , 44 } . l |
, 104 |
Boring Terminated ;
45 @ 44’ BGS. L i [ |
DRILLING COMPANY: CHESAPEAKE GEOSYST \\\né LOGGED: SLW
DRILL METHOD: 4-1/4" HSA PR CHECKED: RIO
DRILL RIG: MOBILE B-80 > DATE: 7/10/00
DRILLER: BRIAN VAN DURAN GOLDER
DRILL DATE: 5/11/00 SIERRA SHEET: 30f 3

AR301427




APPENDIX B-2

Well Installation Log
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MONITORING WELL INSTALLATION LOG

LOCATION / COORDINATES

o8 o _996-1100 _ peoger SALTIRE /ARROWHEAD PLATING /VA L o, MW=37  owet o

GA INsP.__S¥W ORILLING METHOD __4—1/4" 1D HOLLOW STEM AUGERS cROUND ELey. _148.00 warer oeptw _129.22

WEATHER PARTLY CLOUDYDRILLING COMPANY CHESAPEAKE GEOSYSTEMS INC Top pvc ELev. _ 190.08  nuesmate _MAY 2000 |

wwe___ 90"s F oL RiG MOBIL_B~-80 oriLer _BRIAN VAN DOREN sraptep - COMPLETED =~
TIME / DATE TRE / DATE

6718821.57 N:

11974637.02 £ .

2 in. dia. 35"

MATERIALS INVENTORY
LI WELL SCREEN 2 in, dia. 100 I.f. BENTOMTE SEAL —3/B7 BENTONITE CHIPG

WELL CASING
CASING TYPE SCH. 40 BVC SCREEN TYPE SCH 40 PVC INSTALLATION METHOO -
JOINT TYRE FIUSH THREADED stoT size . 0.010" MACHINE SIOTTFD _ FILTER PACK OTY, 380G |bs
GROUT QUANTITY 74 GALLONS CENTRALIZERS NONE USED FILTER PACK TYPE SILICA 20-4Q
GROUT TYPE 95% CEMENT/5% BENTONITE  pRILLNG MUD TYPE NA INSTALLATION WMETHOO WASHED
ELEV./DEPTH DESCRIPTION WELL SKETCH INSTALLATION NOTES

C o LOCKING 3

- 3 | " END CAP N

. : 2.06' IS -

C - sl PROTECTIVE |

- 148.00 GROUND SURFACE |- | COVER s

. 00 SEE BORING LOG MW~37 FOR [ ﬂ/ (A X

C UITHOLOGIC DESCRIPTION C / | / N

- / | / [ — 8" DIA

L 10.0 l / ' / BORE HOLE

: : Az :

- - / | K4 > oapve |

: : T ] | RseR |

200 - / / -

g S / | / | WELL DEVELOPMENT NOTES

: - ' / -

- : 29 4 | p; -

- 30.0 - 315 |— BeENTONITE |

- X -9 | B2 SEAL [ 5/12/00 GSL PURGED 60

C n 34 —= | GALLONS OF GROUNDWATER.

- : % - 2" DIA -

" o ' % SCH 40 PVC [l 5 15/00 GSL PURGED 3

L 40.0 - E3 WELL SCREEN | GALLONS OF GROUNDWATER

; F ’ | SAND PACK || W/FELD MEASUREMENTS

9 . 44 | (SAMPLED SIMULTANEOQUSLY)

- - \—— FLUSH L

F 50.0 - THREADED [

r - END CAP -

2 ’ [ LEGEND

C - ¢ CEMENT /BENTONITE GROUT

- 60.0 - E g

- E | R 3/8" BENTONITE CHIPS

o N K

- - E 20~40 SAND PACK

£ 700 . i

E [ [l oritier: BRIAN VAN DOREN

C A S e clllER,  BRIAN VAN DOREN

- 80.0 - F| GSL_APPROVAL: RIO

v F Fl paTE: 7/3%/00

Firg 1OOMW-37

Golder Sierra AR301429



APPENDIX B-3

Monitoring Well Water Level and Sampling Data

AR301430



S18ABT JAIEAN SiX WNSAY

D01 L-968

VHHIIS Y3709
EBOLL 016 0G-Aep Fel 6L°S 64°G1 ri'gLl £6'611 605986149 | SL'9¢ESL6LL LMW
0902L | ez | oodew | 891 | el | ewiz | 62921 | Z1BZL | vG6EL6ILO | BLBSTSLEIE ZLMA
¢6gel S6°L1 00-Aey ¥ce iril Ww'ie ) AN LB'PEL chOE961 /9 | LO°2ECSLELL LIMIN
g0v2L | 6@SL | ookew | 892 | 0s'iz | OBLE | 2LBEl | zeeEL | OVESBILO | OEVEESLELL 01
sroel | szet | ookew | 89z | oriz | erie | orevi | ovew | orvsesize | vecosvieit MW
65121 e0'sl 00-Aew Lve 0.6l 0L'62 ceerL eoerl SLOEPELLY | 22'980SL61L1 sM
iz | ever | ookew | svz | orer | ocez | 0oEsL | OEzwt | cvresseise | 62950561 LMW
FA 4.4 0 6261 0o-few L'(E 0492 0L'8E 2 A 41 9.8bL re'vriG61.9 | COTIBLPLELL oM
06621 | 6SEL | 00-AeW | @ve | L6l | L062 | zitvl | 6vewr | 192296129 | scieevieit SMIN
e otlL et 00-Ael oLl 6eL1 66'Le 9y'6El Sh il iZ2'29861.9 | 6E'LEBY.LELL M
9.0EL ¥S02 00-Aepw 6lEe | ¢6'9¢ 26'0¢g gE'6kL 0E'LSL BO'C6YELLO | SL°60VFLGIL M
LZLel i a1t OO->M5 6'9¢ 1A 16°LE £8'vbl viovi YELD061.9 | €5 LECSLBLL M
- - - o'oe L6'¥2 LE6FE B L¥L CR6FL | 810N 885

L¥'8cL 8S'1e 00-Aeny A gL'se 81'GE i8LPL 66671 Ov'SriBLL9 | 20'656¥.6LL MR

g9 [») oP m o
Br Sc | £ 22 | 32 | 3¢ 2 Sg | owmion | onusvs oNTTIM
Te | Ca | B ) gf | 48| 2% | BB | 54

3 o Qe o Es Z

V1va 13AT1 BILVM

(4) S3IVNIGHOOD

ALIHOYD DNILYID QVIHMOHYY
AIN3AI ONMNAWYS INIMISYA 0002 AVIN
AHYWINNS V1iva TIAIT HIIYM

VA 'SSOHLNOW

l-g 3N1avi

k

Z o\ abey

100z Aenuep

AR301L3I



slana J1ep Six wnsky YHYIIS HIA109 Z jo g ebed

‘Juaas Buirdwes po0z Aei ey Jo uoneidwod ey Joye peAarinses sem |-Aw e Buuowuopy (1)

:6310N
ZzeeL | vaoz | OOAeW | Ll | 9096 | 909y | 00'8PL | 90°0SL | 5128819 | 20'LE9VLEL LEMW
1691l | 8612 | 00-AeW | 0.2 | 002z | 00ZE | 06'9€L | O6'BEL [ 1Z'SZLOSLY | 8L LLISL6LL FEMIN
ocett | sz |oofew | o1e | ooez | oooe | e6LvL | 86EVL | 15Zev0zL9 | vZL09sieiL SEMIN
zeoet | zoet | oofew | oz | ooze | ooey | vEuvs | vEevL | 26'8906129 | EZOLERLGLL YEMIW
22l | €21z | ooAew | ose | oooe | ooor | wruw | eoeve | suosvsice | vveisszety EEMW
veezl | seet [ ooAew | see | osee | osev | evuri | eevi | 618269 | SSeEeL6Lt ZEMW
va62L | vvzL [ ooAew | oec | ooee | 00Ey | 8wl | eZiv | 656626149 | LESSOvL6LL LEMIN
8S6l) | 2962 | O0keW | see | 0582 | os8e | szivL | SzEvL | veBIE6lL9 | 0L5BLSL6L1 9ZMW
et | 2sze | ookew | @1 | L9 | 9496 | ELGEL | 660FL | SOPSSELLO | PLZIBSIELL SZTMI
ocozt | 6vzi | oo-Aew | wse wwez | iwee | ee9et | 6LIEL | veEELBLI9 | 16Z0LSL6LL PEMIN
Se0Z} | 6,02 | oo-hew | g6z | 2evz | zeve | zeeet | vy | svvsesizo | voszvsieiy EZMW
coLet | 921 | oohew | 2z el | 1oze | e9ove | ozeve | iiszelze |oseisrzely zZMN
85921 | 19/1 | ookew | 1ze | 0u2 | loee | zvew | sivvi | eiveesio | Bzesesselt IZMW
i
o ow ow m o m
£ | 35| =5 | €8 | €3 mm 3 s 58
F2 ol g s m:.m.. 5 33 55 m. P4
g2 1 32 82 | 23 | 3 | 2 So | 25 | onmHison | enusva
(2l g% £a w% o ¥ £ 2§ 'ON TTaM
“: | %8 |85 | 29[ 3% | df | E3 | 22
3 035 (oX 1 Q- 2 g 2e
NRELEALERT 08 S31YNIGHO0D
=~ _—_—
VA 'SSOHLNOW
ALIIOYH ONILY D QYIHMOUYY
1N3AT ONNAWYS ANM3SYE 0002 AYW
AHVIWANS Y1¥A T3AT1HILYM

t-8 37avt

0011-966 1002 Arenuep

AR301432



Bleg Bundwes naps Six wnsAy

00l 1-966

vHY3IS HIAT09

005 SE'S ve'6 orL 801 000t L' 00-Aew £LMIN
s/ ce'g SE'8 0l £8°0 05-001 A 00-Aepny ZIMIN
005 0021 0611 05 850 005 09'tL 00-Ael LIMIN
004 6951 04'G1 oc o0l 001-051 | 8561 o0-fep LMW
S8 oE8l 0£'81 £ £8°0 0S5E-00F | SLBL 00-Aepy 6MW
02z SESL 0E'SL oS 05t 002-052 | 06'FL 00-Ae M
Szl ov'iL >R A1 02 £9°0 &Z1-05L | sZvL 00-few LMW
052 5Z'61 5261 £€ 850 o0sz-sLe | vielL 00-Aew oMW
99 +158 21 A 0e L1e 09-2L a9zcl 00-Aepy SMIN
00¥ or'LL 8E'LL SE 260 oov ZoLL 00-AeN AN
521 €902 ¥9°02 Sl £8°0 G21-051 | vy 02 00-Aep EMW
052 1661 1561 ot £8'0 051-06z | ovsL oo-few ZMW
8L 8L1E 8212 o2 €80 081 £9'L2 00-few LMW

5 (53| s5| ¢ g 2 | 28

s | £g | B8 2 2l LS | 28

HEBEBE IR IR,

2 | 32 | 38| ¢ 23 | 33 | §% | ema ON TIEM

- 2 = & a = o1 gs

g | 88 | 8¢ @ 3 s | B3

5 o= Oq B ® @ -3

V.IVd ONFIJWYS T19M

LNIAT ONITHWYS INITISYE 0002 AVIA
V1vQa DNNdWYS T1am

VA 'SSOHLINOW
ALINOV4 ONILVYId QVIHMOUHY

¢-8371avi

Z o | abey

1002 Aenuep

AR301433



ereq Buidwes feay 's)x unsAy

00L1-966

YHHIIS 430109
05 001z 00't2 ot 20| 0S-02L | 9661 00-Aey LE-MW
ogl £6'12 v6'Le SE FAN 081 5812 00-Aew SEMW
() 8Lz 8i'z2 oy 850 | 052-05¢ | 2692 00-Aep SEMIN
ot S'61 Sb'61 £l e ot S6'81 00-Aewy YEMWN
002 05’1 0s'1e 02 £9°0 002 912 00-fewy EEMW
00z POBL 906l ey V1L | 0S1-002 | 6B oc-Aew ZEMN
0S| SLLL SLLL 02 £8'0 { 00L-GZL | 25LL 00-AEW LEMN
051 2e'ce 8L'€2 S 190 | os100z | LvET 00-Aeyy 9ZMW
051 ov'g2 9v'ee ol 6.0 oSt se22 00-Aepy SZTMW
¥9 oE'LL oeLL 5 002 ¥9 9141 00-Aey YZMAN
sz 05’1 1E'12 0z 804 SZ0S 1502 00-Aeyy EZMIN
oor ZeLl 08’21 5 490 | SIZE-00V | el'lt 00-Aep ZZMN
005 2621 v6'LL ov £9°0 059005 | 8541 00-Aey LZMAN
o o w < -
2 (25 |23 2 | 33|35 |28 .
33 T8 z w _m £3 5% ﬂ|.._@. w eieQ ON T13M
S =52 =0 hing = D -3
:|8%[8 |8 | 3| &8s
Y.1VO ONIIdNYS TI3M

VA 'SSOHINOW
ALMIDYL SNLLYTd QY3HMOUHY

IN3AT ONMNDNYS INITIASYE 0002 AVIN
Vivd ONNdNYS T1am

Z-g9318vl

2oz abeg

1002 Avenuep

AR301434



APPENDIX B-4

Soil Boring and CPT Soil Interpretation Data Correlation
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January 2001

TABLE B-3

S0IL BORING AND CPT SOIL DATA CORRELATION

MAY 2000 BASELINE SAMPLING EVENT
ARAOWHEAD PLATING FACILITY
MONTROSS, VA

996-1100

Depth () Standard CPT Scil Type (CPT D1y Boring Soil Classilication (SBS-10)
1.0 SANDY SILT TO CLAYEY SILT ML-MH M-F SAND, Some Silty Eiqy (SC-SM)
2.0 SANDY SILT TO CLAYEY SILT (ML-MH) M-F SAND, Some Silty Clay (SC-SM)
2.9 SILTY CLAY TC CLAY (CL) M-F SAND, Some Silty Clay (SC-SM}
3.1 CLAY (CH) M-F SAND, Soma Silty Clay (SC-SM)
39 CLAY {CH) M-F SAND, Some Siity Clay (SC-SM)
4.1 SILTY CLAY TO CLAY (CL) M-F SAND, Some Silty Clay (SC-SM)
4.9 CLAY (CH) M-F SAND, Some Silty Clay (SC-SM)
5.1 ] CLAY (CH} M-F SAND, Some Siity Clay (SC-SM)
6.0 ORGANIC MATERIAL M-F SAND, Some Silty Clay (SC-SM)
8.1 ORGANIC MATERIAL M-F SAND, Some Clayey Silt (SM)
7.0 CLAYEY SILT TO SILTY CLAY (MH-CL, M-F SAND, Some Clayey Silt (SM}
7.9 SILTY SAND TO SANDY SILT (SM) M-F SAND, Some Clayey Silt (SM)
a1 SAND TO SILTY SAND (SP-SM) M-F SAND, Scme Clayey Silt (SM)
8.9 SAND (SF) M-F SAND, Some Clayey Silt (SM)
9.1 SAND (SP) M-F SAND, Some Clayey Silt (SM}
10.0 SAND TO SILTY SAND (SP-SM) M-F SAND, Some Clayey Silt (SM)
12.1 SANDY SILT TO CLAYEY SiLT (ML-MH)} M-F SAND, Some Clayay Silt (SM) _
13.0 SILTY SAND TO SANDY-SILT (SM) M-F SAND, Some Clayey Silt (SM) _
13.9 CLAYEY SILT TO SiLTY CLAY (MH-CL) M-F SAND, Some Clayey Silt (SM)
14.1 SILTY SAND TO SANDY SILT (SM) SILTY CLAY, Littte C-F Sand (CH)
14.9 | SANDY SILT TO CLAYEY SILT (ML-MH) SILTY CLAY, Litlle C-F Sand (CH)
15,1 SANDY SILT TC CLAYEY SILT (ML-MH) SILTY CLAY, Little C-F Sand (CH)
16.0 SILTY CLAY TO CLAY (CL) SILTY CLAY, Little C-F Sand (CH)
17.0 SILTY CLAY TO CLAY {CL) SILTY CLAY, Litle C-F Sand (CH)
17.9 SILTY CLAY TO CLAY (CL) SILTY CLAY, Little C-F Sand (CH)
18.1 SILTY CLAY TQ CLAY (CL) M-F SAND, Little Clayey Silt (SP-SM)
18.9 SILTY SAND TO SANDY SILT (SM) M-F SAND, Little Clayey Silt (SP-SM)
19.1 SANDY SILT TO CLAYEY SILT (ML-MH) M-F SAND, Littte Clayey Silt (SP-SM)
19.9 SAND TO SILTY SAND (SP-SM) M-F SAND, Little Ciayey Silt (SP-SM)
20.1 SAND TO SILTY SAND (SP-SM} M-F SAND, Little Clayey Silt (SP-SM)
20.9 SAND TO SILTY SAND (SP-SM) M-F SAND, Littie Clayey Sitt (SP-SM)
21,1 SAND TO SILTY SAND (SP-SM) M-F SAND, Little Clayey Silt (SP-SM}
22.0 SAND TO SILTY SAND (SP-SM) M-F SAND, Little Clayey Silt (SP-SM)
23.0 SAND TO SILTY SAND (SP-SM) M-F SAND, Litite Clayey Sift (SP-SM)
24.0 SILTY SAND TQO SANDY SILT (SM) M-F SAND, Little Clayey Sift (SP-SM)
25.0 SANDY SILT TO CLAYEY SILT (ML-MH) M-F SAND, Little Clayey Silt {SP-SM)
25.9 SANDY SILT TO CLAYEY SILT {ML-MH M-F SAND, Litite Clayey Silt (SP-SM)
26.1 SANDY SILT TO CLAYEY SILT {ML-MH} M-F SAND, Little Clayey Siit (SP-SM)
26.9 SILTY SAND TO SANDY SILT (SM) M-F SAND, Little Clayay Siit (SP-SM)
271 SAND TO SILTY SAND (SP-SM) M-F SAND, Little Clayey Silt (SP-SM)
28.0 SILTY CLAY TO CLAY (CL) M-F SAND, Little Clayey Silt (SP-SM)
29.0 SILTY SAND TO SANDY SiLT (SM) M-F SAND Little Clayey Silt (SP-SM)

30.0 SILTY SAND TO SANDY SILT (SM) M-F SAND, Little Clayey Silt (SP-SM)
30.9 SILTY SAND TO SANDY SILT {(SM) M-F SAND, Little Clayey Sitt (SP-SM
31.1 SILTY SAND TO SANDY SILT (SM) M-F SAND, Some Silty Clay (SC)
32.0 SILTY SAND TO SANDY SILT (SM) M-F SAND, Some Silty Clay (SC)
33.0 SILTY SAND TO SANDY SILT (SM) M-F SAND, Some Silty Ciay (SC})
34.0 SILTY SAND TO SANDY SILT (SM) M-F SAND, Some Silty Clay (8C)
35.0 SAND TO SILTY SAND (SP-SM) SILTY CLAY, Some M-F Sand (CH)
35.9 CLAYEY SILT TO SILTY CLAY (MH-CL) SILTY CLAY, Some M-F Sand (CH)
36.9 SAND TO SILTY SAND (SP-SM) SILTY CLAY, Some M-F Sand (CH)
37.1 SAND TO SILTY SAND (SP-SM) SILTY CLAY, Some M-F Sand (CH)
38.0 SAND TQ SILTY SAND (SP-SM) SILTY CLAY, Some M-F Sand (CH)
39.0 SAND TO SILIY SAND (SP-SM} SILTY CLAY, Some M-F Sand (CH)
40.0 SAND TO SILTY SAND (SP-SM) SILTY CLAY, Some M-F Sand (CH)
41.0 SAND TO SILTY SAND (SP-SM) SILTY CLAY, Some M-F Sand (CH)
42.0 SAND TO SILTY SAND (SP-SM) SILTY CLAY, Some M-F Sand {CH)
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TABLE B-4

SOIL BORING AND CPT SOIL DATA CCRRELATION

MAY 2000 BASELINE SAMPLING EVENT
ARROWHEAD PLATING FACILITY
MONTROSS, VA

996-1100

Depth {it) Standard CPT Soil Type (CPT C10) Boring Soit Classification (SBS-13)
T

1.0 CLAY (CH) M-F SANL, Some Clayey Silt (SC-SM)
2.0 SILTY CLAY TO CLAY (CL) M-F SAND, Trace Silt (SP)

an CLAY (CH) M-F SAND, Trace Silt (SP)

4.0 SILTY CLAY TO CLAY (CL) M-F SAND, Trace Silt (SP)

5.0 CLAY (CH) M-F SAND, Trace Silt (SP)

6.0 SANDY SILY TO CLAYEY S|LT (ML-MH) M-F SAND, Trace Silt (SP)

7.0 SANDY SILT TO CLAYEY SILT (ML-MH) M-F SAND, Trace Silt (SP)

7.9 SANDY SILT TO CLAYEY SILT {ML-MH) M-F SAND, Trace Silt (SP)

8.1 SANDY SILT TO CLAYEY SILT {ML-MH) M-F SAND, Trace Silt (SP)

90 {SANDY SILT TO CLAYEY SILT (ML-MH) M-F SAND, Trace Silt (SF)

10.1 SAND TO SILTY SAND {SP-SM) M-F SAND, Trace Silt {SP)

11.0 SAND TO SILTY SAND (SP-GM) M-F SAND, Trace Silt (SP)

12.0 SAND (SP) M-F SAND, Little Silt (SP-SM)
13.0 SILTY SAND TO SANDY SiLT (SM) M-F SAND, Little Siit {SP-SM)
13.9 SAND (SP) M-F SAND, Little Silt (SP-SM)
14.1 SAND (SP) M-F SAND, Littie Silt (SP-SM)
149 [SANDY SILT TO CLAYEY SILT (ML-MH) M-F SAND, Little Silt (SP-SM}
15.1 SILTY CLAY TO CLAY (CL) M-F SAND, Littte Silt (SP-SM)
16.0 CLAY {CH) M-F SAND, Little Siit (SP-SM)
17.0 SILTY CLAY TO CLAY (CL) M-F SAND, Little Siit (SP-SM)
17.9 SILTY CLAY TO CLAY (CL) M-F SAND, Little Silt (SP-SM)
18.1 SILTY CLAY TO CLAY (CL) SILTY CLAY, Some Fine Sand {CH)
18.9 SILTY CLAY TO CLAY (CL) SILTY CLAY, Some Fine Sand (CH}
19.1 CLAY (CH) SILTY CLAY, Some Fine Sand {CH)
19.9 CLAY (CH) SILTY CLAY, Some Fine Sand (CH)
20.1 CLAY [CH) SILTY CLAY, Some Fine Sand (CH)_
20.9 CLAY [CH) SILTY CLAY, Some Fine Sand (CH)
21.1 CLAY {CH) SILTY CLAY, Some Fine Sand (CH)
21.9 | SANDY SILT TC CLAYEY SILT (ML-MH) SILTY CLAY, Some Fine Sand (CH}
22.1 SILTY SAND TO SANDY SILT (SM) SILTY CLAY, Some Fine Sand (CH)
229 SAND TO SILTY SAND (SP-5M) M-F SAND, Litle Clayey Silt (SP-SM)
23.1 SAND TO SILTY SAND (SP-SM) M-F SAND, Litlle Clayey Silt (SP-SM)
23.9 | SANDY SILT TO CLAYEY SILT (ML-MH) M-F SAND, Little Clayey Silt (SP-SM)
241 | SANDY SILT TO CLAYEY SILT {ML-MH) M-F SAND, Little Clayey Silt (SP-SM)
24.9 SAND TO SILTY SAND {SP-SM) M-F SAND, Lite Clayey Silt (SP-SM)
25.1 SILTY SAND TO SANDY SILT (SM} M-F SAND, Litle Clayey Silt {SP-SM)
25.9 SILTY CLAY TO CLAY (CL) M-F SAND, Litle Clayey Silt (G P-GM)
261 CLAY (CH) M-F SAND, | itle Clayey Silt (SP-SM)
269 SILTY SAND TO SANDY SILT {SM) M-+ SAND, Litle Clayey Silt {SP-SM)
271 SILTY SAND TO SANDY SILT (SM) M-F SAND, Some Clayey Silt (SM)
27.9 SAND TO SILTY SAND (SP-S5M) M-F SAND, Some Clayey Silt (SM)
28.1 SILTY SAND TO SANDY SILT (SM) M-F SAND, Some Clayey Siit (SM)
29.0  [SANDY SILT TQ CLAYEY SILT (ML-MH) M-F SAND, Some Clayey Silt (SM)
20.0 SILTY SAND TO SANDY SILT {SM) M-F SAND, Some Clayey Silt (SM)
31.0 SAND {SP) M-F SAND, Lile Clayey Silt, Trace F Gravel (SP-SM)
320 SILTY SAND TO SANDY SILT (SM) M-F SAND, Lifle Ciayey Siit, Trace F Gravel (SP-8M)
33.0 CLAY (CH) M-F SAND, Litle Clayey Silt (SP-SM)
34.0 SILTY CLAY TO CLAY (CL) M-F SAND, Litle Clayey Silt (SP-SM)
5.0 SILTY CLAY TO CLAY (CL) SILTY CLAY, Some M-F Sand (CH)
360 | CLAYEY SILT TO SILTY CLAY (MH-CL} SILTY CLAY, Some M-F Sand (CH)
37.0 CLAY (CH) SILTY CLAY, Some M-F Sand (CH}
38.0 SILTY QliAY TO CLAY (CL) SILTY CLAY, Some M-F Sand (CH)
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TABLE B-5

SOIL BORING AND CPT SOIL DATA CORRELATION

MAY 2000 BASELINE SAMPLING EVENT
ARROWHEAD PLATING FACILITY
MONTROSS, VA

996-1100

Depth (ff) Standard CPT Soil Type (CPT F12) Baring Soil Classification {(SBS-12)
1.0 SANDY SILT TO CLAYEY SILT (ML-MH) FINE SAND, Some Silty Clay, Some Organics (SC)
20__ | CLAYEY SILT TO SILTY CLAY (MH-ML) | FINE SAND, Some Silty Clay. Some Organics (SC)
2.9 CLAY (CH) M-F SAND and SILTY CLAY (SC)
31 SILTY CLAY TO CLAYEY SILT (CL) M-F SAND ard SILTY CLAY (SC)
4.0 SANDY SILT TO CLAYEY SILT (ML-MH) M-F SAND and SILTY CLAY {SC)
5.0 SILTY SAND TO SANDY SILT (SM) M-F SAND and SILTY CLAY (SC)
6.0 SILTY SAND TO SANDY SILT (SM) M-F SAND and SILTY CLAY (SC)
7.0 SILTY SAND TO SANDY SILT (SM) M-F SAND and SILTY CLAY (SC)
8.0 VERY STIFF FINE GRAINED M-F SAND and SILTY CLAY (SC}
9.0 SILTY SAND TO SANDY SILT (SM) M-F SAND and SILTY CLAY (SC)
10.0  |SANDY SILT TO CLAYEY SILT (ML-MH) M-F SAND and SILTY CLAY (SC}
1.0 _CLAY (CH) SILTY CLAY and FINE SAND {CL)
12.1 SAND (SP) FINE SAND, Some Silty Clay (SC}
13.0 SAND (SP) FINE SAND, Trace Clayey Silt (SP)
13.9 SILTY CLAY TO CLAY {CL} SILTY CLAY, Trace Fine Sand (CH)
1a.1 CLAY (CH) SILTY CLAY, Trace Fine Sand (CH)
14.9 GRAVELLY SAND TO SAND {SP) FINE SAND, Trace Clayey Silt, Trace Fine Grave! (SP)
151 GRAVELLY SAND TO SAND {SF) SILTY CLAY, Trace Fine Sand (CH)
16.0 SAND (5P} FINE SAND, Trace Clayey Siit, Trace Fine Grave! (SP)
17.0 SILTY SAND TO SANDY SILT (SM) SILTY CLAY, Trace Fine Sand {CH
17.9 _CLAY {CH) SILTY CLAY, Trace Fine Sand (OH
18.1 | SANDY SILT TO CLAYEY SILT (ML-MH) SILTY CLAY, Trace Fine Sand (CH)
EX] SILTY SAND TO SANDY SILT (SM) FINE SAND, Trace Clayey Sift (SP)
19.3 SAND TO SILTY SAND (SP-SM) FINE SAND, Trace Clayey Sift (SP)
19.9 SAND (SP) FINE SAND, Trace Clayey Sift (SP)
20.1 SAND (SP) FINE SAND, Trace Clayey Silt (SP)
20.9 SAND (SP) FINE SAND, Trace Clayey Sitt (SP)
21.1 SAND (SP) FINE SAND, Trace Clayey Silt (SP)
22.0 SAND (SP) FINE SAND, Trace Clayey Sift (SP)
23.0 SAND (SP) FINE SAND, Trace Clayey Silt (GP)
73.9 SAND {SP) FINE SAND_Trace Clayey S (SP)
24.1 SAND TO SILTY SAND (SP-SM) FINE SAND, Trace Glayey S (SP)
24.9 SAND {SP} FINE SAND, Trace Ciayey Silt (SP)
751 SAND (5P) FINE SAND, Trace Clayey Silt (SF)
25.9 SILTY SAND TO SANDY SILT (SM) FINE SAND, Trace Clayey Silt (SP)
26.1 SILTY SAND TO SANDY SILT (SM) M-E SAND, Trace Clayey Silt (SP)
[ 269 SAND TO SILTY SAND (SP-SM) M-F SAND, Trace Clayey Silt (SP)
271 SAND (SP) M-F SAND, Trace Clayey Silt (SP)
28.0 SILTY SAND TO SANDY SILT (SM) M-F SAND, Trace Clayey Silt (SP)
29.0 SAND TO SILTY SAND (SP-SM) M-F SAND, Litile Sllty Clay (S P-SC})
30.0 SILTY SAND TO SANDY SILT (M} M-F SAND, Littie Silty Clay (SP-SC)
30.9 SAND TO SILTY SAND (SP-SM) M-F SAND, Littie Silty Clay (SP-SC)
a0 SAND TO SILTY SAND (SP-5M) M-F SAND, Littie Silty Clay (5P-SC
32.0 SAND (SP) M-F SAND, Liftle Sity Clay {SP-5C
33.0 SAND TO SILTY SAND (SP-SM) M-F SAND, Little Sifty Clay (SP-5C
34.0 SILTY SAND TG SANDY SILT (SM) M-F SAND. Little Sifty Clay (SP-5C
35.0 SILTY SAND TO SANDY SILT (SM) FINE SAND, Trace ace Clayey Silt (SP)
6.0 SILTY SAND TO SANDY SILT (SM) FINE SAND, Trace Clayey Silt (SP)
37.0 _ {SANDY SILT TO CLAYEY SILT (ML-MH}| SILTY CLAY, Some Fine 5and, 1race Fine Gravel (CH)
38,0 CLAY (CH) SILTY CLAY Trace Fine Sand, Trace Fine Gravel (CH)
39.0 | SANDY SILT TO CLAYEY SILT (ML- MH) “SILTY CLAY, Trace Fine Sand, Trace Fine Gravel {CH}
40.0 [ SANDY SILT TO CI=AY EY SILT (ML-MH)} SILTY CLAY, Trace Fine Sand, Trace Fine Gravel (CH}
40.9 | SANDY SILT TO CLAYEY SILT (ML-MH) SILTY CLAY, Trace Fine Sand (CH)
41.1 SANDY SILT TO CLAYEY SILT (ML-MH) SILTY CLAY, Trace Fine Sand (CH)
42.0 | SANDY SILT TO CLAYEY SILT (ML-MH) SILTY CLAY, Trace Fine Sand (CH)
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TABLE B-6

996-1100

S0IL BORING AND CPT SOIL DATA CORRELATION
MAY 2000 BASELINE SAMPLING EVENT
ARROWHEAD PLATING FACILITY
MONTRQSS, VA

N

Depth {t} Standard CPT Sail Type ({CPT E10} Boring Soif Classification {SBS-11)
e —— . i T =y —f— s M —

10 SAND TO SILTY SAND (SP-SM) M-F SAND, Some Clayey Silt (SM)

2.0 CLAYEY SILT TO SILTY CLAY (MH-CL) M-F SAND, Some Clayey Siit {SM)

3.0 SILTY SAND TO SANDY SILT {SM) M-F SAND and SILTY CLAY (SC-SM)

4.0 SANDY SILT TC CLAYEY SILT (ML-MH) M-F SAND and SILTY CLAY (SC-5M)

48 SILTY SAND TO SANDY SILT (SM) M-F SAND and SILTY CLAY (SC-SM}

5.1 SANDY SILT TO CLAYEY SILT (ML-MH) M-F SAND and SILTY CLAY (SC-SM)

5.0 SANDY SILT TO CLAYEY SILT IML-MH) M-F SAND and SILTY CLAY (SC-SM)

7.0 SILTY SAND TQO SANDY SILT (SM) M-F SAND, Some Clayey Silt (SM)

8.0 SAND TO SILTY SAND (SP-SM) M-F SAND, Some Clayey Silt (SM)

9.0 SAND (5P) M-F SAND, Some Clayey Silt (SM)
10.0 SAND TO SILTY SAND (SP-SM) M-F SAND, Some Clayey Silt {SM) ‘
10.8 SAND (SP) M-F SAND, Some Clayey Silt (SM)
11.1 GRAVELLY SAND TO SAND (SP) M-F SAND, Some Clayey Silt (SM)
12.0 SAND TO SILTY SAND (SP-SM} M-F SAND, Some Clayey Silt (SM}
13.0 SAND TO SILTY SAND (SP-8M) M-F SAND, Some Clayey Siit (SM)
14.0 SAND TO SILTY SAND [SP-SM) M-F SAND, Some Clayey Silt (SM)
15.0 SILTY SAND TO SANDY SILT (SM} M-F SAND, Same Clayey Silt (SM)
15.9 SILTY SAND TO SANDY SILT (SM) M-F SAND, Some Clayey Silt (SM)
16.1 SAND TO SILTY SAND (SP-SM) M-F SAND, Some Clayey Sitt {SM)
17.0 GRAVELLY SAND TO SAND (SP) M-F SAND, Some Clayey Silt (SM)
18.0 SAND (SP) M-F SAND, Some Clayey Siit (SM}
19.0 SAND (8P} M-F SAND, Little Clayey Silt (SP-SM)
20.0 SAND TO SILTY SAND (SP-SM) M-F SAND, Little Clayey Silt (SP-SM})
21.0 SAND (SP) M-F SAND, Little Clayey Silt (SP-SM)
220 SAND (SP) M-F SAND, Little Clayey Silt (SP-SM)
228 SAND (SP) M-F SAND, Litte Clayey Silt (SP-SM}
231 SAND {SP) M-F SAND, Litde Clayey Silt (SP-SM)
23.9 GRAVELLY SAND TO SAND (SP} M-F SAND, Litle Clayey Siit (SP-SM)
24.1 GRAVELLY SAND TO SAND (SP) M-F SAND, Litde Clayey Silt (SP-SM)
24.9 SAND (5P} M-F SAND, Littie Clayey Silt (SP-SM)
25.1 SAND (SP) M-F SAND, Litde Clayey Silt (SP-SM}
26.0 SAND (SP) M-F SAND, Litle Clayey SH (SP-SM)
270 SAND (SP) M-F SAND, Little Clayey Silt (SP-SM)
28.0 SILTY SAND TO SANDY SILT (SM} M-F SAND, Lite Clayey Silt (SP-SM)
29.0 SAND TO SILTY SAND (SP-SM) M-F SAND, Little Clayey Silt {SP-SM)
29.9 SAND TO SILTY SAND {SP-SM) M-F SAND, Little Clayey Silt {SP-SM)
301 SAND TO SILTY SAND (SP-SM) M-F SAND, Litile Clayey Silt {SP-SM)
30.9 SAND (SP) M-F SAND, Litile Clayey Silt (SP-SM}
311 SAND (5P} M-E SAND, Litile Clayey Silt (SP-SM}
320 SAND TO SILTY SAND (SP-SM) M-F SAND, Little Clayey Silt (SP-SM)
33.0 SILTY SAND TO SANDY SILT (SM) ° M-F SAND, Little Clayey Siit (SP-SM)
33.9 SILTY SAND TO SANDY SILT (SM) M-F SAND, Litle Clayey Silt (SP-SM}
341 SILTY SAND TO SANDY SILT (SM) M-F SAND, Litde Clayey Silt (SP-SM)
34.9 SILTY SAND 10 SANDY SILT (SM) M-F SAND, Littte Clayey Silt (SP-SM)
351 SILTY SAND TO SANDY SILT (SM) M-F SAND, Little Clayey Siit (SP-SM)

360 SILTY SAND TO SANDY SILT (SM) M-F SAND, Some Sifty Clay (SC}
37.0 | SANDY SILT TO CLAYEY SILT (ML-MH SILTY CLAY, Some M-F Sand (CH)
B0 JSANDY SILT TO CLAYEY SILT (ML-MH SILTY CLAY, Some M-F Sand (CH)
390 |SANDY SILT TO CLAYEY SILT (ML-MH) SILTY CLAY, Some M-+ Sand (CH)
40.0 | SANDY SILT TO CLAYEY SILT (ML-MH SILTY CLAY, Some M-F Sand (CH}
40.9 CLAY (CH) SILTY CLAY, Some M-F Sand (CH)
412 | CLAYEY SILT TO SILTY CLAY (MH-CL) SILTY CLAY, Some M-F Sand (CH)
42.0 CLAY (CH) SILTY CLAY Some M- Sand (GH)
430 SILTY CLAY TO CLAY (CL) SILTY CLAY, Some M-F Sand (CH)
43.8 SANDY SILT TO CLAYEY SILT (ML-MH} SILTY CLAY, Some M-F Sand {CH}
441 | SANDY SILT TO CLAYEY SILT (ML-MH SILTY CLAY, Some M-F Sand (CH)
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TABLE B-7
INVESTIGATION DERIVED WASTE CHARACTERIZATION LABORATORY DATA
ARROWHEAD PLATING FACILITY
MONTROSS, VIRGINIA
SAMPLE 1D 1
COMPOUND TEST METHOD Sludge Waslowater
S-1 $S-2 WW-1 WW-2
5/19/00 7/19/00 5/19/00 7/19/00
Select VOCs, Total ug/kg ug/kg ug/l ug/l
1,1,1-Trichloroethane 8270/82608B ND ND ND 1.2J
1,1,2-Trichloroethane 8270/8260B ND ND ND ND -
1,1-Dichloroethane 8270/82608 ND ND ND ND
1,1-Dichloroethene 8270/82608 ND 27.3 3.5 2.8
.[[1.2-Dichloroethane 8270/82608 ND ND ND ND
1,2-Dichiorosthene (trans) 8270/82608 ND ND ND ND
1,2-Dichloroethene (cis) 8270/82608 ND ND ND ND
2-Butanone 8270/8260B ND ND ND ND
4-Methyl-2-pentanone 8270/82608 ND ND 3.04 ND
Acetone 8270/8260B ND 7.5 82.8 ND
Benzene 8270/82608 ND ND ND ND
Carbon Disulfide 8270/82608 6.6 ND ND ND
Chloroethane B270/8260B ND ND ND ND
Eh|0r0form 8270/8260B ND ND ND ND
Ethylbenzens B8270/82608 ND ND ND ND
Methylene Chloride 8270/82608 ND ND ND ND
Tetrachloroethene 8270/82608 66.6 84.3 115 8.7
Toluene 8270/82608 ND ND ND ND
Trichloroethene 8270/82608B 7.7d 121 11.4 14.7
Vinyl Chioride 8270/82608B ND ND ND ND
Xylenes (total) 8270/8260B ND ND ND ND
Page 1 of 4 GOLDER SIERRA Wastesum.xis: Lab Data
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TABLE B-7
INVESTIGATION DERIVED WASTE CHARACTERIZATION LABORATORY DATA
ARROWHEAD PLATING FACILITY
MONTROSS, VIRGINIA
SAMPLE ID
COMPOUND TEST METHOD Siudge Wastewater
S-1 §8-2 WW-1 wWw-2
5/19/00 7/18/00 5/19/00 7/19/00
Select VOCs, TCLP Leachate
1,1,1-Trichioroethane 1311/8270/82608 NT ND NA NA
1,1,2-Trichloroethane 1311/8270/82608 NT ND NA NA
1,1-Dichloroethane 1311/8270/82608B NT ND NA NA
1,1-Dichloroethene 1311/8270/82608 NT ND NA NA
1,2-Dichloroethane 1311/8270/82608 NT ND NA NA
1,2-Dichloroethene (trans) 1311/8270/82608 NT ND NA NA
1,2-Dichloroethene (cis) 1311/8270/82608 NT . ND NA NA
2-Butanone 1311/8270/82608 NT ND NA NA
4-Methyi-2-pentanone 1311/8270/82608 NT ND NA NA
Acstone 1311/8270/82608B NT ND NA NA
IBenzene 1311/8270/8260B NT ND NA NA
"Carbon Disulfide 1311/8270/82608 NT ND NA NA
ﬁloroethane 1311/8270/82608 NT ND NA NA
"Chloroform 1311/8270/8260B NT ND NA NA
Ethylbenzene 1311/8270/8260B ° NT ND NA NA
Mathylene Chiaride 1311/8270/82608 NT ND NA NA
Tetrachlorosthene 1311/8270/82608 NT ND NA NA
Toluens 1311/8270/82608B NT ND NA. NA
Trichloroathena 1311/8270/82608 NT ND NA NA
Vinyl Chloride 1311/8270/82608 NT ND NA NA
Xylenes (total) 1311/8270/82608 NT ND NA nA
Paga 2of 4 GOLDER SIERRA
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TABLE B-7
INVESTIGATION DERIVED WASTE CHARACTERIZATION LABORATORY DATA
ARROWHEAD PLATING FACILITY
MONTROSS, VIRGINIA
SAMPLE 1D
Sludge Wastewater
COMPOUND TEST METHOD
S-1 §8-2 WW-1 ww-2
5/19/00 7/19/00 5/19/00 7/19/00
Select Metals, Total mg/kg mglkg ug/! ug/l
Arsenic 6000/7000/60108 52 56 137 166
Barium 6000/7000/6010B 27.2 < 26 1080 563
Cadmium 6000/7000/6010B <0.41 <0.66 <80 6.0
lF)alcium 6000/7000/6010B 9630 < 660 771000 33500
lchromium 6000/7000/60108 11.8 12.4 331 510
Copper 6000/7000/60108 4.8 < 3.3 182 i
lron 6000/7000/6010B 16500 18400 410000 514000
ILead 6000/7000/60108 < 8.1 <13 168 208
"ﬁagnesium 6000/7000/60108 1660 860 62100 36400
“;Aanganese 6000/7000/60108 191 65.3 6440 1850
||Mercury 7471 < 0.071 < (0.039 0.84 PENDING
Mckel 6000/7000/6010B 71 <5.3 242 86.6
Potassium 6000/7000/60108 1580 1880 58000 65200
Selenium 6000/7000/60108 <B8.1 <13 <10 14.1
Silver 6000/7000/6010B < 0.81 <1.3 <20 <10
Sodium 6000/7000/60108 <410 < 66D 125000 84800
Zinc 6000/7000/60108 25.7 10.1 819 809
Page 3of 4 GOLDER SIERRA A R 3 0 | ,4 h 3 Wastesum.xis: Lab Data




J = Indicates an estimated value
NA = Not applicable

ND = Not detected

NT = Not tested

PENDING = Results will be submitted with the Pre-Final {90%) Design Report
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TABLE B-7
INVESTIGATION DERIVED WASTE CHARACTERIZATION LABORATORY DATA
ARROWHEAD PLATING FACILITY
MONTROSS, VIRGINIA
SAMPLE 1D
Sludge Wastewatar
COMPOUND TEST METHOD
S-1 582 WW-1 ww.-2
519100 7M19100 5/19/00 7/19/00
Select Metals, TCLP L eachate mg/l ma/l
Arsenic 1311/6000/7000/60108 < 0.50 < 0.50 NA NA
Barium 1311/6000/7000/6010B8 <1.0 <1.0 NA NA
lCadmium 1311/6000/7000/6010B | < 0.0050 < 0.0050 NA NA
Calcium 1311/6000/7000/6010B 93.5 < 0.50 NA NA
- [Chromium 1311/6000/7000/6010B <0.010 < 0.025 NA NA
Copper 1311/6000/7000/6010B < 0.025 < 0.025 NA NA
Iron 1311/6000/7000/6010B 241 <0.10 NA NA
IlLead 1311/6000/7000/6010B <0.50 < 0.50 NA NA
Iliﬂagnesium 1311/6000/7000/6010B <5.0 <5.0 NA NA
Manganese 1311/6000/7000/6010B 0.46 0.75 NA NA
Mercury 1311/7471 <0.00020 | <0.00020 NA NA
Nicke! 131 1/6600/7000/60108 < 0.040 < 0.040 NA NA
Potassium 1311/6000/7000/6010B <5.0 <5.0 NA NA
Selenium 1311/6000/7000/60108B <0.50 < 0.50 NA NA
Silver . 1311/6000/7000/60108 < 0.010 < 0.010 NA NA
Sodium 1311/6000/7000/60108 NA NA NA NA
Zinc 1311/6000/7000/6010B 0.035 0.048 NA NA
NOTES:

AR30 | b by Ly westesumxs: Lav vate
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July 2000 996-1100

FIGURE C1
TCE CONCENTRATION PROFILE VS, RESIDENCE TIME AT 40PV
Arrowhead Plating Facility, Montross, Virginia
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Test Temperature: 23°C
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FIGURE C-2
PCE AND 11DCE CONCENTRATION PROFILES VS. RESIDENCE TIME AT 40PV
Arrowhead Plating Favility, Montross, Virginia
8,000
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7 000 Iron Type: Connelly CC-1022
' j Site Groundwater: MW-33
6,000
5 -—8~PCE
2 5,000 A
< —&—11DCE
=]
2 4,000
g
£
Q
g 3,000,
Q
o
2,000 A
1,000 -
a

0 5 10 15 20 25 30 35 40 45
Residence Time (hr}

GOLDER SIERRA AR301 Ly difgyumo xis: TCE, PCE. 11DCE



July 2000 996-1100

FIGURE C-3
111TCA, cDCE AND 11DCA CONCENTRATION PROFILES VS, RESIDENCE TIME AT 40PV
Arrowhead Plating Facility, Montross, Virginia

1,200
1l Test Temperature: 23° C
lron Type: Conneily CC-1022
1,000 + Site Groundwater: MW-33
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FIGURE C4
112TCA, tDCE, 12DCA AND VC CONCENTRATION PROFILES VS. RESIDENCE TIME AT
40PV
Arrowhead Plating Favility, Montross, Virginia

60

l —B— 112TCA Test Temperature: 23° C

1 —e—1{DCE iron Type: Connelly CC-1022
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] ——VC
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July 2000 996-1100

FIGURE C-5
Eh AND pH PROFILES VS. RESIDENCE TIME AT 37PV
Arrowhead Plating Facility, Montross, Virginia

400 1.0
300 f —8—Eh Test Temperature; 23° C
iron Type: Connelly CC-1022
200 - —6—pH Site Groundwater: MW-33 Y100
"l- 9.0
+ I
a
- 8.0
+70
. 6.0
¢ 5 10 15 20 25 30 35 40 45

Residence Time (hr}

Nota: PV refers to number of pore volume flushes of the iron column by Site groundwater.
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Column and Iron Properties

Iron:
Source Connelly-GPM., Chicago, IL
Grain Size 1.4 to 0.20 mm (-14 to +84 mesh)
Surface Area

Hydraulic Conductivity

Column:
Flow Velocity 29 cm/day (0.94 fi/day)
Residence Time 42 hr
Pore Volume 316 mL
Porosity 0.56
Bulk Density 2.65 g/em” (165 [b/ftY)
Iron to Volume of Solution Ratio 48¢:1mL

Surface Area to Volume of Solution Ratio

31379.10

AR301LLS
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Method Detection Limits (MDL) and Detection Limits (DL)

Organic Compounds:

Tetrachloroethene
Trichloroethene

Trichloromethane
1,1,2-Trichloroethane
cis 1,2-Dichloroethene
trans 1,2-Dichloroethene
1,1-Dichloroethene
Vinyl Chloride

Inorganic Compounds

Calcium

Iron, Total
Magnesium
Manganese
Potassium

Silica, Reactive -
Sodium

Ammonia

Nitrate

Chloride

Sulphate

Alkalinity {as CaCO,)

Total Dissolved Solids (Calculated)
Dissolved Organic Carbon (DOC)

MDL (ug/L)

0.8
0.9

1.1
0.5
2.5
33
40
2.0

DL (mg/L)

0.05
0.01
0.05
0.005
- 1.0
0.05
1.0
0.03
0.2
50
5.0
1.0

31673.10

AR301450
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Memorandum

Column Influent and Effluent Inorganic Concentrations at Steady State,
Arrowhead Plating Site, Montross, Virginia

Concentration (mg/L)

Influent Effluent
Cations:
. 6.4 1§
Calcium 6.3 0
. 01
Iron, Total 0.02 0.0
0.01 <0.01
27 1 22
Magnesium
2.8 2.3
0.68 0.02
Manganese
. 0.69 0.02
. 2 2
Potassium
1 - 2
. ) 44 .17
Silica, Reactive
45 0.26
‘ 168 176
Sodium
175 i75
163 95
Sulfur
105 o4
) <0.03 1.1
Ammonia
<0.03 1.7
Anions:;
6 77
Chloride 3
36 74
Sul 294 264
ulphate 296 266
Alkalinity 10 21
(as mg CaCO5/L) 11 2
2.9 <0.2
Nitrate
2.9 0.6
46 7.8
Dissolved Organic Carbon
45 26
612 656
Total Dissolved Solids
625 657

AR30145]
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Yniversity of Waterfoo

Treatability Test Column Identification: 363
Arrowhead Column Composition: 100 % Connelly Golders-Sierra cc-1022 lron (UWH#20
' Pore Volume 316 mL
Porosity: Q.56
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5in (3.8 cm)
Flow Velocity: 0.94 W/day (28.6 cmiday )
Column Distance (ft) 0.0 0.08 0.16 0.33 0.50 Q.66 1.0 1.3 1.8
Residence Time (hr) 0.0 2.0 4.1 8.4 12.8 16.9 25.5 334 41.9
PV RN influent Organic Concentration (ug/L } Effluent
PCE ‘
a5 a 7655 2485 nd nd nd nd nd nd nd
7.7 a 6235 3636 1849 6.1 nd nd nd nd nd
10.0 a 5788 3422 2616 103 nd nd nd nd nd
13.2 a 5436 3362 3326 642 nd nd nd nd nd
19.3 a 6945 6298 4809 2653 793 18 nd nd ad
23.8 a 6710 5714 5352 3451 1615 172 nd nd nd
27.7 a 4379 3634 3357 2556 1415 334 nd nd nd
323 a 7712 5129 4568 3312 2439 1021 nd nd . nd
35.2 a 6610 4664 4653 3768 2576 1315 nd nd nd
295 a 6718 5493 4642 3842 2917 1648 29 nd nd
TCE
3.5 a 45664 23473 19000 8974 909 33 nd nd nd
7.7 a 40074 25822 15152 B012 3356 229 25 nd nd
10.0 a 38548 23182 20038 11588 5204 508 nd nd nd
13.2 a 34049 22860 23210 B401 4944 703 nd nd nd
49.3 a 43997 43193 34276 27856 19180 9372 1936 22 2.3
23.8 a 43758 38523 36518 26873 21484 13120 2000 32 7.2
27.7 a 41268 20409 26923 10025 12875 8671 1145 22 3.5
323 a 39109 29106 22127 20507 14213 8120 1901 ar nd
35.2 a 33419 26069 26374 22790 17113 10803 2058 28 3.1
39.5 a 34519 29124 23886 28935 15934 9702 2452 55 nd
111TCA
35 a 1029 nd nd nd nd nd nd nd nd
7.7 a 803 nd nd nd nd nd nd  nd nd
10.0 a as5 1.2 nd nd nd nd nd nd nd
13.2 a 1001 52 nd nd nd nd nd nd nd
193 a 875 25 1.0 nd nd nd nd nd nd
238 a 900 46 nd nd nd nd nd nd nd
277 a 887 23 nd nd nd nd nd nd nd
323 a 860 42 nd nd nd nd nd nd nd
35.2 a 853 28 nd nd rd nd nd nd .nd
39.5 a 841 48 2 nd nd nd nd ngd nd

nd = not detected
RN = reservoir number

BOLD = peak concentration




University of Waterioo

Treatability Test Cotumn Identification: 363
Arrowhead Column Composition: 10¢ % Connelly Golders-Sierra cc-1022 fron (UW#20
Pore Volume 316 mL
Porasity: 0.56
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5in (3.8 cm)
Flow Velocity: 0.94 ft/day (28.6 cm/day )
Column Distance (ft) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 2.0 4.1 8.4 12.8 16.9 25.5 334 41.9
PV RN  influent Organic Concentration ( ug/t ) Effluent
112TCA
35 a 40 5.1 nd nd nd nd nd nd nd
7.7 a H a7 nd nd nd nd nd nd nd
10.0 a 37 7.1 2.0 nd nd nd nd ngd nd
13.2 a 39 97 nd nd nd nd nd nd nd -
193  a 49 25 16 5.5 nd  nd nd nd nd
238 a S0 28 17 65 nd nd nd nd nd
27.7 a 63 38 27 16 . nd nd nd nd nd
323 a 38 20 17 6.2 2.5 nd nd nd nd
35.2 a 48 30 21 79 26 nd nd nd nd
39.5 a 52 15 26 9.1 4.8 nd nd nd nd
11DCA
35 a nd 185 137 115 97 B9 76 nd nd
1.7 a nd 395 387 322 301 259 238 53 nd
10.0 a nd ans 351 2 183 223 kK] 114 nd
13.2 a nd 487 421 375 269 280 473 228 79
19.3 a nd 417 523 403 328 285 282 322 351
23.8 a nd 188 580 401 269 272 21 395 482
277 a nd 580 562 509 333 299 356 434 578
323 a nd 228 asg . 351 312 260 233 156 160
35.2 a nd 236 481 u7 415 363 33z 455 322
9.5 a nd 228 486 41 426 387 310 425 553
12 DCA
35 a na 18 10 10 10 155 95 72 nd
7.7 a na 16 17 14 16 20 137 76 13
10.0 a* na 14 16 15 1 18 17 19 19
13.2 a na 16 15 16 16 18 16 16 16
19.8 a na na 16 15 16 10 20 18 18
238 a na na 17 15 11 1 1 12 11
277 a na 20 14 14 1 10 18 44 101
323 a na na 12 13 13 14 16 11 13
35.2 a na ne 14 97 15 15 19 81 15
395 a na na 16 16 17 18 18 a6 18

nd = not datected
na = not applicable
RN = resarvoir number

BOLD = peak concentration

*




Treatability Test Column Identification: 363
Arrowhead Column Composition: 100 % Connelly Golders-Sierra cc-1022 lron (UW#20
Pore Volume 316 mL
Porosity: 0.56
Column Length: 1.B ft {50 cm)
Column Diameter: 1.5in{3.8cm)
Flow Velocity: 0.94 ftiday (28.6 criday )
Column Distance (ft} Qe 0.08 0.16 0.33 0.50 0.65 1.0 1.3 1.5
Residence Time (hr} 0.0 2.0 4.1 8.4 12.8 16.9 255 334 419
PV RN Influent Organic Concentration { ug/L ) Effluent
cDCE
4.0 a 147 738 887 1328 1466 862 50 nd nd
6.6 a 137 576 720 932 1036 716 223 9.0 nd
10.5 a 111 336 539 669 547 114 385 9.8 nd
14.0 a 149 320 491 714 597 512 120 10 nd
206 a’ 121 257 425 © 712 B17 1088 861 386 200
243 a 104 227 276 665 808 825 739 303 210
28.8 a 143 239 357 798 737 817 656 310 225
328 a 140 239 342 569 602 700 848 215 164
36.4 a 103 126 268 480 535 545 ars 350 321
401 a 98 149 212 449 483 835 774 541 404
tDCE .
4.0 a 49 14 12 12 6.7 nd nd nd nd
6.6 a 5 10 13 14 1 19 nd nd nd
10.5 a 31 6.5 46 10 54 nd nd nd nd
14.0 a 3.9 6.1 8.7 12 538 nd nd nd ng
206 a 2.3 57 8.6 12 15 26 30 15 7
24.3 a 27 4.3 4.5 12 15 18 27 20 nd
28.8 a 4.7 6.2 9.9 13 1.5 16 13 nd ng
32.8 a 34 8.6 10 14 17 15 nd nd ng
36.4 a 12 nd 14 10 13 18 10 nd nd
40.1 a 11 4 11 14 14 23 15 nd nd
11BCE .
4.0 a 4032 1984 2067 1768 1417 847 30 nd nd
6.6 a 3541 2357 1918 16840 1130 476 104 nd nd
10.5 a 3779 2496 2208 1200 507 410 288 nd ng
14.0 a 2482 2864 2476 1468 594 415 41 nd nd
206 a 5829 4576 6456 5020 2724 2772 1389 394 206
243 a 3232 5140 4828 3461 3340 2278 1048 ar2 192
28.8 a 5710 5143 4099 3189 2659 2012 808 201 101
32.8 a 4496 3663 2684 2929 1872 1414 914 91 52
6.4 a 3206 2048 2415 2416 2422 1588 755 308 172
40.1 a 2866 18868 2503 2209 2028 1548 856 571 248

nd = not detected
RN = reservoir number

BOLD = peak concentration




University of Waterloo

Treatability Test
Arrowhead

Column identification:
Column Composition:

363

100 % Connelly Golders-Sierra cc-1022 fron  (UW#20

Pora Volume 316 mL
Porosity: 0.56
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5in (3.8 cm)
Flow Velocity: (.94 ft/day (28.6 cm/day )
Column Distance (ft) 60 o8 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 2.0 4.1 84 12.8 16.9 255 334 41.9
PV RN Influent Qrganic Concentration { pg/L ) Effluent
vC
4.0 a nd 35 36 36 42 44 15 nd nd
6.6 a nd 32 4 32 34 28 27 nd nd
10.5 a nd 22 29 29 17 10 17 nd nd
14.0 a nd 25 28 35 16 26 8.2 nd nd
20.5 a nd 26 i 41 37 42 Ja 29 24
243 a nd 23 26 40 37 H 35 25 21
288 a nd 12 15 2 nd 23 18 10 8.9
328 a nd 8.1 15 23 23 24 15 nd nd
364 a nd nd 122 16 21 17 8.7 10 kT
40.1 a nd nd 9.8 19 6.7 18 15 12 12
pH Along Cofumn
pH
3.1 a 6.2 7.8 9.4 95 9.3 9.4 9.2 9.2 8.8
8.0 a 6.6 8.1 8.4 9.3 9.4 9.5 9.5 9.4 5.0
10.9 a 6.8 7.3 8.1 88 9.2 9.5 9.5 94 9.4
15.1 a 71 8.4 88 8.7 9.0 9.3 93 94 9.5
21.2 a 7.3 8.8 8.8 a.5 8.3 8.8 9.3 9.4 9.6
254 a 7.3 RSB 8.8 8.6 8.3 8.3 8.3 8.2 8.3
271 a 6.9 8.8 8.8 8.5 8.2 8.0 9.2 9.1 9.3
333 a 7.2 7.6 8.5 8.5 8.0 7.9 5.0 9.5 8.5
369 a 7.3 8.8 8.8 8.7 8.3 8.1 9.0 9.5 9.5
Redox Potential Along Column ( mV )
Eh
31 a 324 -330 -408 -191 451 461 -484 -492 -365
8.0 a 374 -210 -305 -225 -309 -378 -260 =376 -142
10.9 a 294 -126 - -118 -195 -190 -243 -267 -113
15.1 a 357 -44 -124 -196 -175 -210 -180 -201 -166
21.2 a 373 -55 -101 -106 -123 -167 -227 -226 -118
254 a 402 -101 -136 -144 -174 -270 -7 -238 -198
271 a 384 -56 -86 -121 -137 -165 -178 -190 -2
33.3 a 390 -36 -347 -430 -356 -331 487 -546 -128
36.9 a 345 -299 -269 432 -395 -355 -440 -387 -483

nd = not detected
RN = reservair number

BOLD = peak concentration

AR30TLOH
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APPENDIX D
Infiltration Analysis HELP Modeling Simulations

APPENDIX D-1  Existing Conditions

APPENDIX D-2  Cap System Alternatives A,B,C & D
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APPENDIX D-1

Existing Conditions
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
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PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPCTRANSPIRATION DATA:
SCIL AND DESIGN DATA FILE:
CUTPUT DATA FILE:

TIME:

4

:\HELP3\montross.D4
+\HELP3\montross .07
:\HELP3\montross.D13
:\HELP3\montross.Dl1l
:\HELP3\20MON0O5.D10
:\HELP3\20mon05.00UT

noaoaon

CATE: 1/19/2001

LE RS EREEEEEEREEEELEESEEREEEEE SRR E R R EREREE SRR RERE R R EREEEREESREREREEREESERESERESTE

TITLE:

Existing Conditicns - 20 feet B 0.5% Surface Slope

Wrod v d ke o ok ok W sk ke ke e T sk de e okt e e e e sk ke ok ok e e e sk e ke o o o e ok b e o e e e e gk e e e e ke e e e gt e e ok b e e e ke ke ko e ok ke

NOTE:

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 10

THICKNESS = 240.00

POROSITY = 0.3980
FIELD CAPACITY = 0.2440
WILTING POINT = 0.1360

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

NOTE:

0.2637

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VCL

0.119999597000E-03 CM/SEC
SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY

3.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

AR301L69



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF O0O.%

AND A SLOPE LENGTH OF 500. FEET.

5CS RUNOFF CURVE NUMBER = 89.40

FRACTION OF AREA ALLOWING RUNOFF

100.¢

AREA PROJECTED ON HORIZONTAL PLANE = 1.000
EVAPCORATIVE ZONE DEPTH = 22.0

INITIAL WATER IN EVAPORATIVE ZONE = 5.293
UPPER LIMIT OF EVAPORATIVE STORAGE = B.75¢6
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.992
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 63.280
TOTAL INITIAL WATER = 63.280°
TOTAL SUBSURFACE INFLOW 0.00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

RICHMOND VIRGINIA

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE}
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

= 68
‘= B8.
= 77,

= 38
2

i

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.08 DEGREES
.00

91
306

.0 INCHES
.60 MPH

.00 % )
00
0aQ
.00

a0 0P ol

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR NORFOLK

NORMAL MEAN MONTHLY PRECIPITATION

JAN/JUL FEB/AUG MAR/SEP APR/OCT
3.06 2.74 3.85 3.11
4.48 3.50 3.4%6 3.08

VIRGINIA
(INCHES)
MAY /NOV JUN/DEC
a0 30
2.89 3.30

AR301470



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NCORFOLK . VIRGINIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAERENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
37.30 40.60 50.10 60.80 70.20 78.50
82.00 81.60 72.50 62.30 51.40C 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FCR NORFOLK VIRGINIA
AND STATICN LATITUDE = 38.08 DEGREES

et e dd e drde ke drodrodk drode ko ok ok ek e e ko e e ke e e b e e e e e sk gk e ke e e o o e e sk e ok e dr e o e e e gk e e e ok ke kb b e e e e ek o e

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 2.76 2.53 4.29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 ° 1.06 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNCFF
TOTALS 0.139 c.116 0.372 0.103 0.268 0.201

0.472 0.388 0.529 0.179 0.199 0.321

[w]

o
<
)

.233 0.211 . 605 -190 0.365 .243
0.651 0.382 0.561 06.233 0.309 0.319

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS o 1.235 1.582 3.047 3.171 3.883 3.568
3.829 3.806 2.695 1.483 1.249 1.017

o
-

.209 0.293 0.263 0.880 .889 .750
1.339 1.213 1.040 0.463 0.294 0.2C0

o

STD. DEVIATIONS

PERCOLATION/LEAKAGE THROUGH LAYER 1

e o e = = = ——————

TOTALS 0.2871 0.4809 0.7178 0.8410 1.0453 0.8560

AR301L71



0.7403 0.5949 0.4970 0.4122 0.3795 0.3085

5TD. DEVIATIONS 0.44860 0.4625 0.5869% 0.6612 0.4796 0.3663
0.2085 0.1941 0.1454 0.1318 0.1684 0.1705

I R R R R E R EEEEEEEEE R R 2 AR R RES R R R AR E A SRR R EE SRR R R AR R SRS R RS SRRs R Rl a Rl REREN XS

e R A E R e E R R R R R R R R R R RS R AL EE R AR A EEERERREEERSRLESERERERREX]

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30
T s CU. FEET  PERCENT |
PRECTPITATION 4112 s.848) 149272.3  100.00
RUNOFF 3.285  ( 1.3854) 11926.34 7.990
EVAPOTRANSPIRATION  30.565 ( 3.4052) 110952.00 - 74.328
PERCOLATION/LEAKAGE THROUGH 7.16045)( 2.98112) 25992.437 17.41270

LAYER 1 \‘mv’d/)

CHANGE IN WATER STORAGE 0.111 ( 3.2516) 402.09 0.269

[Z R SRS EEEFFEEEEREEE SRS R R EE R R R R R SRR R SR ERE R AR R SR EE R R E RS R AR R R ER R EERE R REEEEEREEESRZSE}EREY

I Z A RS E AR EEERE RS EREA R SRR SRl R SRS SR RRRlERREERRR SRR EEREERESEERRRREEREESESEREENXZIES 3§

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30

(INCHES) (CU. FT.)
PRECIPITATICN a8 _-I;QEBT;;;_‘
RUNOFF ) 2.124 7710.7397
PERCOLATION/LEAKAGE THROUGH LAYER 1 0.134781 489.25519
SNOW WATER 3.00 10891.1436
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3049
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360

AR RS R EEERE R R EE RS R RS R E R RS A R ER SRR A RS E R E R EE R R RS R R AR ERE R R R ERRE R E N EEEEREEREEEEFEE"Y

LA R R RS AREEEREEESRES SRR SRS AR RERRERSRRRRlRElEERREEEARERERERRRRERESERERRERaREREERERSESE])
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FINAL WATER STORAGE AT END OF YEAR 30

LAYER { INCHES) (VOL/VOL)
1 66.6032 0.2775
SNOW WATER 0.000

R R E R R R Z LR RS E SRR RS S EREE SRR RS SRS R R R AR R 2 R R A R AR R R R R R RS R Rl Rl sl e R

e 222 R E FE R R R SRS R R R R RS R RS R R R R AR SRR EEREREEERE R E RS RS RAREREEEREEER]
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 {1 NOVEMBER 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

* %
* %
L
LA
* W
* &
* k
LE

* %

dek gk bk e ke s ok kW ok ke T kb ok e e W o e e s e e e e e e b e e e b ke e e e e e e e ok e e ek e ke ok e W e o ok e o e ek e e ok sk e b

IS EE AR E R R NE R ESEENEREEEAEFEEIEEAEEAEEEE AR R R EESR SRR REE R R EREE A RS ERENESSEERERKESEEEZR IR I

PRECIPITATION DATA FILE: C:\HELP3\montross.D4
TEMPERATURE DATA FILE: C:\HELP3\montross.D7
SOLAR RADIATION DATA FILE: C:\HELP3\montross.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\montross.D11l
SOIL AND DESIGN DATA FILE: C:\HELP3\20MON(2.D10
CUTPUT DATA FILE: C:\HELPE3\20mon02.00T
TIME: 5 DATE : 1/18/2001

I E R ER R RS R AR R Z RN REEE R R AR R R RS R R R R R R ARl R el R R R R AR R R R R R R RE X2

TITLE: Existing Conditions - 20 feet @ 2.5% Surface Slope

IR R R R R R R R R Y R R R R RS RS A R S R PR RS R RS RS SR NS E R R RS EEEERER RN EEE R

'NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
" MATERIAL TEXTURE NUMBER 10
THICKNESS = 240.00 INCHES
PORQSITY ' = 0.3980 VOL/VOL
FIELD CAPACITY 0.2440 VOL/VOL
WILTING POINT 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2630 VQOL/VOL
EFFECTIVE SAT. HYD., COND. 0.119995997000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZCONE.

i

i
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NOTE:

GENERAL DESIGN AND EVAFORATIVE ZONE DATA

5CS RUNOFF CURVE NUMBER WAS CCMPUTED FROM DEFAULT

SOIL PATA BASE USING SOIL TEXTURE #10 WITH A

POOR STAND CF GRASS,

AND A SLOPE LENGTH OF 500. FEET

SCS RUNCFEF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE

EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT GOF EVAPORATIVE STORAGE

INITIAL SNOW WATER

INITIAL WATER

TOTAL INITIAL WATER
TGTAL SUBSURFACE INFLOW

NOTE:

NOTE:

JAN/JUL

H

[

i

IN LAYER MATERIALS =

89

1

22.

5
8

2.
0.
63.
63.

0

A SURFACE SLOPE OF

.80

100.0

.000
0

. 293
.756
992
000
128
128
.00

EVAPOTRANSPIRATION AND WEATHER DATA

RICHMOND

STATION LATITUDE

VIRGINIA

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASCON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND
AVERAGE 1ST QUARTER
AVERAGE 2ND QUARTER
AVERAGE 3RD QUARTER
AVERAGE 4TH QUARTER

SPEED

RELATIVE HUMIDITY
RELATIVE HUMIDITY
RELATIVE HUMIDITY
RELATIVE HUMIDITY

COEFFICIENTS FOR NOREFOLK

NORMAL MEAN MONTHLY PRECIPITATION

FEB/AUG MAR/SEP APR/OCT
. 2.74 3.85 3.11
3.50 3.46 3.08

EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

38
2

oo

]

]
-~

68

2.

%

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.08
.00
91

306
22.

0

.60
.00
..o
.00
.0C

DEGREES

INCHES
MPH
%

%
%
%

PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

VIRGINIA
{INCHES)
MAY/NOV JUN/DEC
Car 30
2.89 3.30

AR301L75



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT - MAY/NOV JUN/DEC
37.30 40.60 50.10 60.80 70.20 78.50
82.00 81.60 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND STATION LATITUDE = 38.08 DEGREES

LE R E R E S E RS SR EE RN EEEER FEEEEREEEEREEREEERERESERSESREEBEEEREZE EIER B R R R R R R . 1

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

PRECIPITATION
TOTALS 2.76 2.53 4,29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.06 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1,51 1.67
RUNOFF
TOTALS 0.153 0.1286 0.397 0.113 0.288 0.220
0.505 0.417 0.560 - 0.194 0.215 0.345
STD. DEVIATIONS 0.251 0.21s 0.616 0.202 0.384 0.257
0.678 0.399 0.584 C.246 0.327 0.336
EVAPOTRANSPIRATION
TOTALS 1.234 1.582 3.043 3.189 3.892 3.551
3.808 3.791 2.680 1.481 1.246 1.013
STD. DEVIATIONS 0.210 0.294 0.261 0.875 0.888 1.737

1.331 1.208 1.037 0.463 0.293 0.200

PERCOLATION/LEAKAGE THROUGH LAYER 1

TCTALS 0.2712 0.4518 0.6999 0.8060 1.0227 G.B475

AR301L76



0.7242 0.5892 0.4925 0.4124 0.3704 0.3004

STD. DEVIATIONS 0.4016 0.4448 0.5777 0.6504 0.4785 0.3647
0.1995 0.1864 0.1429 0.12865 0.1549 C.l662

I E X R E R R S E R R R E R E R R RS AR E R SR RN ERRERA R R R SR R AR E SRR EESREEEEEERESERESEREREREERESESESEERFRTEE]

dde ek d kA oh ke h ok koo kb ko hk oWk ok ko ke ohdr ok koo ko bk ko kW ko ok k kd ook ke ko ok bk o

AVERAGE ANNUAL TOTALS & (STD, DEVIATIONS) FCR YEARS 1 THROUGH 30
T ems CU. FEET  PERCENT
PRECIPITATION 4112 ( s.848)  149272.9  100.00

RUNOFF 3.532 { 1.4433) 12820.05 8.588

EVAPOTRANSPIRATION 30.4Sé { 3.3762) 110672.23 74.141

PERCOLATION/LEAKAGE THROUGH 16.98911 { 2.91216) 25370.467 16.99603
LAYER 1

CHANGE IN WATER STORAGE 0.113 ( 3.1888) 410.13 0.275

dede deode b e de e e de b b ok e o e e o W e e e e e ke ke v ol e e e b ke e e W e e i e e o i e e ke ke e e e ok o ke e e e e v e e R W e e e ke e e e e e

g sk g ke d e gk e e e ok de e ke e e e e e e e e e ok e e e e e e e e e e e e e e e e ke ke e ke e ke e e e ke e e ke e e e ke ok e e ok e ke e ok e e ek ke b

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30

(INCHES}) (CU. FT.)
PRECTPITATION a8 14810.399
RUNOEFF 2.176 789%9.0508
PERCOLATION/LEAKAGE THROUGH LAYER 1 0.136666 496.09586
SNOW WATER 3.00 10891.1436
MAXIMUM VEG. SOIL WATER (VOL/VOL) C.3049
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360

LA RS RS A R RN EEEEENEREE SRR F R E R R R R R S R R R R R R R R R R R E R EEEEREEREEEE R EEE N TS

LE SRR R EREEREEEEEEEEEEEEEE RS E S R R R R E R EE R R EE SRR EEE R RS RS SR R R R R R R R SRR EREEREEREEEEEERER]
.
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FINAL WATER STCRAGE AT END OF YEAR 390

LAYER { INCHES) {VOL/VOL)
1 66.5179 0.2772
SNOW WATER 0.000

*******i—***-&*ii*ii‘*ti'**i&*‘l’ii**l'**t**************t******&*t&**i**ﬁ*ii*l“*i****q
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- L

* o HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *
*w HELP MODEL VERSION 3.07 {1 NOVEMBER 1997) ol
*o DEVELOPED BY ENVIRONMENTAL LABORATCRY *x
> USAE WATERWAYS EXPERIMENT STATION * %
> FOR USEPA RISK REDUCTICN ENGINEERING LABORATORY ol

& LA

* * k

IR R E R R RS R RS R R R R E R R R R EE R R RS A R AR SRR R R R EE R R AR R R R AR EE R R R R SRR R R REREREEREES

R R R R R R R R R R R RN R R S SRR R R R R R R E R R RN EEEREREREE R EEESEEEEREEREX

PRECIPITATION DATA FILE: C:\HELP3\montross,.D4

TEMPERATURE DATA FILE: C:\HELP3\montross.D7

SOLAR RADIATION DATA FILE: C:\HELP3\montross.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\montross.D1ll
SOIL AND DESIGN DATA FILE: C:\HELP3\20MON10.D10

QUTPUT DATA FILE: C:\HELP3\20monl0.0UT

TIME: 10: 7 DATE: 1/18/2001

LR e S EE R R S S s R R R R R RS E AR LSS A RS SRR SRS S SRS SRR RS EEEER R R EEEES R R

TITLE: Existing Conditions - 20 feet @ 10 % Surface Slope

IE R EREERE ER A SRR RS RS SRR R RS EE R R R R R R R R R R EEEEE AR R R R RS R RS R R RS E R R R RS ERE RS RS

NQOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS = 240.00 INCHES

POROSITY = 0.3980 VOL/VOL
FIELD CAPACITY = 0.2440 VOL/VOL
WILTING POINT = 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2626 VOL/VOL

EFFECTIVE SAT. HYD. COND. 0.119999997000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPCRATIVE ZONE.

AR301479



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 10.%

AND A SLOPE LENGTH OF 500. FEET.

SCS RUNCFF CURVE NUMBER = 90.10
FRACTION OF AREA ALLOWING RUNOFFE = 100.0

AREA PROJECTED ON HORIZONTAL PLANE = 1.000
EVAPORATIVE ZONE DEPTH = 22.0

INITIAL WATER IN EVAPORATIVE ZONE = 5.294
UPPER LIMIT OF EVAPORATIVE STORAGE B8.756
LOWER LIMIT OQOF EVAPQRATIVE STORAGE = 2.992
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 63.023
TOTAL INITIAL WATER = 63.023
TOTAL SUBSURFACE INELOW = 0.00

EVAPOTRANSPIRATION AND WEATHER DATA

NGCTE: EVAPOTRANSPIRATION DATA WAS CBTAINED FRCM

RICHMOND VIRGINIA

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)

END OF GROWING SEASON (JULIAN DATE)

EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
¢ AVERAGE 2ND QUARTER RELATIVE HUMIDITY

AVERAGE 3RD QUARTER RELATIVE HUMIDITY

AVERAGE 4TH QUARTER RELATIVE HUMIDITY

38
2

22.

7.
68.
68.

= 77

= 73.

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.08 DEGREES
.00

91
306
0 INCHES
60 MPH
00 %
Co %
.00 %
0C %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR NORFOLK

NORMAL MEAN MONTHLY PRECIBPITATION

JAN/JUL FEB/AUG MAR/SEP - APR/OCT
3.06 2.74 3.85 3.11
4.48 3.50 3.4% 3.08

VIRGINIA
(INCHES}
MAY/NOV JUN/DEC
C401 340
2.8%5 3.30

AR30 1480



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL MEAN MONTHLY TEMPERATURE {DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NCV JUN/DEC
37.30 40.60 50.10 60.80 70.20 78.50

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FGR NORFOLK VIRGINIA
AND STATION LATITUDE = 38.08 DEGREES

LA R R R A E S R L RN E R R R EE R R E R AR SRR RS R R R R RS E RS RE R SRR AR RS AR SRR E L ERERER N

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

JAN/JUL FEB/AUG MAR/SEF APR/OCT MAY/NCGV JUN/DEC

PRECIPITATION
TOTALS 2.76 2.53 4.29 2.867 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.06 1.5% 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNQFF
TOTALS 0.163 0.133 0.418 0.121 0.303 0.235
* 0,533 0.439 0.584 0.207 0.227 0.364
STD. DEVIATIONS 0.264 0.21% C.624 0.212 0.396 0.268
0.699 0.414 0.600 0.256 0.339 0.351
EVAPOTRANSPIRATION
TOTALS 1.234 1.582 3.041 3.1e0 3.834 3.530

3.800 3.775 2.672 l1.480 1.244 1.012

L210 0.294 0.261 .877 .877 117
1.328 1.201 1.03e 0.464 0.292 0.198

<
<
o
—

STD. DEVIATIONS

PERCOLATION/LEAKAGE THROUGH LAYER 1

TOTALS 0.2548 0.4335 0.6852 0.776e8 1.0052 0.8375

AR30ILEI



0.7187 0.%875 0.4860 0.4114 0.3637 G.2974

STD. DEVIATIONS 0.3667 0.4318 0.5902 0.6257 0.4730 0.3631
0.2034 0.1874 0.1357 0.1214 0.1477 0.1661

EEREEEEREEE R RS L R RS RS R RS R RS SR AR R R RRE R R R RS R RE R R R R R U L e el

P R R RS R RS E R R R R R AR R E R AR AR R L EE R R R R AR SRR R R EREEEERERESEEEEEEEREY

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30
T T emss cu. FEET PERCENT
PRECTPITATION 4112 ( s.848)  149272.9  100.00
RUNOFFE 3.726 { 1.4802) 13525.49 9.061
EVAPOTRANSPIRATION 30.424 ( 3.3795) 1i0438.61 73.984
PERCOLATION/LEAKAGE THROUGH 6;85785 ( 2.85528) 24893.984 16.67683
LAYER 1
CHANGE IN WATER STORAGE 0.114 { 3.1501L} 414.78 0.278

IR R R R R R R R R R A R R RS R E R R R R SRR R R RS EEREREEREEEERBE R CR IR I I g A S e

AR EEE S A XSS EESEEE RS EREE R R AR EREARE R SRS EE EEEE AR EREEREEEREE NFES EFE BT EEE RSN S LR

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30

(INCHES) {CU. FT.)
PRECIPITATION -—;Ta;-_-” H—I;;IBT;;;—_
RUNQFF 2.214 8036.1309
PERCOLATION/LEAKAGE THROUGH LAYER 1 0.135781 492.88455
SNOW WATER 3.00 10891.143¢6
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3057
MINIMUM VEG. SOIL WATER [VOL/VOL) 0.1360

EE R R R R R R RA SRR R R R R R REREREEERRREEER R EEEEEREEE R B R R R R R R e L e R

(I ES AR EESE NSRS EEEEEREEEREERREEREEESERSERESEZRSEIEEIERRIIIN R TIER I I IR R I I I TR AR gy
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FINAL WATER STCORAGE AT END OF YEAR 30

LAYER {INCHES) {VOL/VOL}
1 66.45112 0.2769
SNOW WATER 0.000

hhk Ak h ko hd ko hkhhhhhh ek krdhhrdhhhdhdhdbhddhdidhhddddkddh ok dkdddhkd*dkdddddddddwddd vor

B e A R E R R AR E R R R R R S R R R R R R A R R R R R RS R R E R R R AR R RS R R R TR
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* & *

o HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ol
ol HELP MODEL VERSION 3.07 {1 NOVEMBER 1987) * ok
il DEVELOPED BY ENVIRONMENTAL LABGORATORY *
** USRARE WATERWAYS EXPERIMENT STATION * -
** FOR USEPA RISK REDUCTICN ENGINEERING LABORATORY *

L3 L

A L

PR e R R R R E R R R R R E R R R R R AR A R R LRSS AL AR RS EREE R EEEEEREEEEEREEERE BB

TRy R R RS F E R R R R EE RS SRR R R RS EE R E R R SRR R ESZR SRR EREREREEREESERRESE?

PRECIPITATION DATA FILE: C:\HELP3\montross.D4

TEMPERATURE DATA FILE: C:\HELP3\montross.D?

SOLAR RADIATION DATA FILE: C:\HELP3\montross.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\montross.Dli1
SQOII, AND DESIGN DATA FILE: C:\HELP3\2OMON25.DIO

OUTPUT DATA FILE: C:\NHELP3\20mon25.00T

TIME: 10: 8 DATE: 1/19/2001

L E A SR ESEE SRR R EREE R LSRR SRR RERR RSl Rl ERRERSERRERE RSl R Rl EREREEERESERSEESRJEESHERY

TITLE: Existing Conditions - 20 feet @ 25 % Surface Slope

LA ESE R EEEEREREEERNEEERER RS SRS RER RS R R RREEEREREEENEERRENEREEESEESERESEESREIERENENESIWIRE

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS = 240.00 INCHES
POROSITY = 0.3980 VOL/VOL

FIELD CAPACITY = C.2440 VOL/VOL
WILTING POINT = 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2620 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0,1199939%97000E-03 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPCRATIVE ZONE.

AR301LBY



NOTE:

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT

SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 25.%

AND A SLOPE LENGTH OF 500. FEET

SCS RUNCFF CURVE NUMBER 90.40
FRACTION OF AREA ALLOWING RUNOFF = 100.0
AREA PROJECTED ON HORIZONTAL PLANE = 1.000
EVAPCRATIVE ZONE DEPTH = 22.0
INITIAL WATER IN EVAPORATIVE ZONE = 5.294
UPPER LIMIT OF EVAPORATIVE STORAGE = B.756
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.992
INITIAL SNOW WATER : = 0.000C
INITIAL WATER IN LAYER MATERIALS = 62.880
TOTAL INITIAL WATER = 62.880
TOTAL SUBSURFACE INFLOW 0.00

NOTE:

NOTE:

JAN/JUL

EVAPOTRANSPIRATION AND WEATHER DATA

RICHMOND VIRGINIA

STATION LATITUDE

MAXTMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPCRATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 15T QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

COEFFICIENTS FOR NCRFOLK
NORMAL MEAN MONTHLY PRECIPITATIO
FEB/AUG MAR/SEP - APR/OCT
C2e 385 3
3.50 3.46 3.08

N

EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

il

38
2

W

i

22.

68.

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.08
.00
91
306
0
.60
.00
(o]4]
.00
.00

DEGREES

INCHES
MPH
%

%
%
%

PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

VIRGINIA
(INCHES)
MAY /NOV JUN/DEC
T4 30
2.89 3.30

AR301L48S



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
37.30 40.860 50.10 60.80 70.20Q 78.50
8§2.00 81.60 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND -STATION LATITUDE = 38.08 DEGREES

R R R LA A R TR R R RS R R R RS R R RS R R R NS A EEE R R EEEE LR EEEEEEREYEEEEE TR

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NCV JUN/DEC

PRECIPITATION
TOTALS 2.76 2.53 4.29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.086 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFF
TOTALS 0.173 0.142 0.441 0.130 0.320 0.251
0.559 0.465 0.610 0.220 0.240 0.385
STD. DEVIATIONS 0.275 0.223 0.634 0.224 0.411 0.281
0.7139 0.429 0.619 0.266 0.352 0.368
EVAPOTRANSPIRATION
TOTALS 1.233 1.582 3.042 3.15% 3.891 3.505
3.784 3.758 2.661 1.481 1.242 1.011
STD. DEVIATIONS 0.209 0.294 0.261 0.878 0.875 1.708

1.323 1.194 1.035 0.465 0.292 0.197

PERCOLATION/LEAKAGE THROUGH LAYER 1

TOTALS 0.2473 0.4062 0.6558 0.7493 0.9902 0.8300

AR301L8H



0.7103 0.5809 0.4828 0.4089 0.3621 0.2975

STC. DEVIATIONS 0.3351 0.4066 0.5599 0.6229 0.4681 0.3635
0.2002 0.1849 0.1310 0.1207 0.1454 0.1633

d dede e e ke e e e e e de de A e etk b e do e kb ke ke b bk e e e e e e e e ek e e e e e e ke e b ke ke kel ek ke e Rk e e ok e o ke e ok ke ok ek

LA S A A EEEEE SRR R SR R AS R R R RS R Rl RERE Rl RSl R R SRR RAEEE R R RREREEEEEER R BESEY

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30
T ewss Cu. FEET  PERCENT
PRECTPTTATION 4112 ( s.e48) 1492729 100,00

RUNCFF 3.938 ( 1.5243) 14294.89 9.576

EVAPOTRANSPIRATION 30.348 { 3.3742) 110164.27 73.801

PERCOLATICON/LEAKAGE THROUGH 6.72135 ( 2.776178) 24398.504 16.34490
LAYER 1

CHANGE IN WATER STORAGE 0.114 {( 3.0992) 415.19 0.278

LA AR SRR EEREE R EEEESE S EEEREEERE RS EE R EEE SRR RS R EREEREEER EEEREE R B R AR R R R R R R

LA AR R EEEELRRESAEEIEEESEEEERE A E R EREEEEEEEREREEEREEE R R EREEEERSEXESEREEEREINEESE X BRSNS

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30

(INCHES} (CU. FT.)
PRECIPITATION 408 14810.399
RUNOFF 2.245 8148.4463
PERCOLATION/LEAKAGE THROUGH LAYER 1 0.136198 494.40042
SNOW WATER 3.00 10891.143¢
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3070
MINIMUM VEG. SQIL WATER (VOL/VOL)} 0.1360

LA A S R R AR A E R R T ES R AR R R R EESEREERREEE RS EEEEREREEEEEEREEFEIEEEEE SR FEEERE SR R R R R

de e e de otk e e e ke d ok ek ok ok ok k ok kR ko ke ok ko k ok ko k ko ok ok ok ke ko ko kR ke ko b ko ok ok ok
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FINAL WATER STORAGE AT END OF YEAR 30

LAYER {INCHES) {VOL/VOL)
1 66.3117 . 0.2763
SNOW WATER 0.000

R R R Z A EE R R T R E R R R R AR L R R R E RS EEEEE SN EEEEFEEEERE EEE R S I i g

IE R E R R EEE R R RS SRR R RS R R R EE R R AR RS R R SRR EEEEE R R ERRRE EEE SR ENESEREFERSESEXEE EEE R I
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ek odove ke oWk e drd e ok ke bk el e ok ko ok ok kR kA Rk ok ok ok kW W Rk kA kR ok ok bk ok ok ok R AR R ok kW Rk ok ok ok ko kb ok ke

o i dr
L LA

** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE >k
* > HELP MCDEL VERSION 3.07 (1 NOVEMBER 18397) >k
* ok DEVELCPED BY ENVIRONMENTAL LABORATORY **
*w USAE WATERWAYS EXPERIMENT STATICN * ok
el FOR USEPA RISK REDUCTION ENGINEERING LABORATORY >

ok * %
* * R

IR ER R S AR SRR R R R R R E SRR EER R R R EES RS R RS R R R R ER R R R R Rl Rl E sl SRR R ERRERERER]

\EE 22 A R R R R A R R AR E R R R R AR AR R R R R R R SRR ER R Rt Rl SRR RS Rl Rl RS ElEE DS

:\HELP3\montross.D4
:\HELP3\montross.D7
:\HELP3\montross.D13
:\HELP3\montross.Dl1l
:\HELP3\15monC5.D10
:\HELP3\15mon(5.00T

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
QUTPUT DATA FILE:

SEeRsEsNeNe!

TIME: 10:10 DATE: 1/19/2001

drodke ek e e e e de vk ok e e dr e de e e e e e e ke ol ok e e e e ok e ok ke e v e i e e e e e ke o ok e ok e e e e e e ko T e e ok ok bk o o b e i e e e ke

TITLE: Existing Conditions -~ 15 feet @ 0.5% Surface Slope

LR RS R A R E R R R s S R X R R RS R R R R R EREERE R RS RRE RS R s s Rl R SRSl RS

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS = 180.00 INCHES

POROSITY = 0.3980 VOL/VOL
FIELD CAPACITY = 0.2440 VOL/VOL
WILTING POINT = 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.268% VOL/VOL

EFFECTIVE SAT. HYD. COND. 0.119999397000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TCP HALF QF EVAPORATIVE ZONE.

AR301L89



NOTE:

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

5CS RUNOFF CURVE NUMBER WAS COMPUTED FRCM DEFAULT

SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 0.%

AND A SLOPE LENGTH CF 50Q00. FRET

1.

A0

000

.293

.756
2.
0.

5CS RUNOFF CURVE NUMBER 89.
FRACTION OF AREA ALLOWING RUNOFF = 100.
AREA PROJECTED ON HORIZONTAL PLANE =
EVAPORATIVE ZONE DEPTH 22
INITIAL WATER IN EVAPORATIVE ZONE = 5
UPPER LIMIT OF EVAPCRATIVE STORAGE = 8
LOWER LIMIT OF EVAPORATIVE STCRAGE =
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS = 48,
TOTAL INITIAL WATER = 48.

TOTAL SUBSURFACE INFLCW

NOTE:

NOTE:

JAN/JUL

0.

992
000
410
410
00

EVAPOTRANSPIRATION AND WEATHER DATA

RICHMOND VIRGINIA

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON {JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ZND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

CQEFFICIENTS FOR NORFQOLK

I

[l

EVAPOTRANSPIRATICON DATA WAS OBTAINED FROM

38
2

22

2
68
68
77
73

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.08 DEGREES.
.00

91

306

.0 INCHES
.60 MPH

.00 %

.00
.00
.00

P o oo

PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

VIRGINIA

NORMAL MEAN MONTHLY PRECIPITATION {(INCHES)

FEB/AUG MAR/SEP APR/OCT
2.74 3.85 3.11
3.50 3.46 3.08

MAY/

NOV JUN/DEC
07 3.40
89 3.30

AR30 1430



NOTE: ~ TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFCLK . VIRGINIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OQCT MAY /NOV JUN/DEC
37.30 40.60 50.10 60.80 70.20 78.50
82.00 81.60 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATICN DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND STATION LATITUDE = 38.08 DEGREES

AR B EAEEEEESE RS E R R R R R R EERER SRS R RS R R A R R R R R R RS R R R R R AR R RSN EEE X

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 2.76 2.53 4,29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 T 1.06 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFF
TOTALS 0.139 0.116 0.372 0.103 0.268 0.201
0.472 0.388 0.529 0.179 0.199 0.321
STD. DEVIATIONS 0.233 0.211 0.605 0.190 0.365 0.243
0.651 0.382 0.561 0.233 0.309 0.319
EVAPCTRANSPIRATION
TOTALS 1.235 1.582 3.047 3.171 3.883  3.568
3.829 3.806 2.695 1.483 1.249 1.017
STD. DEVIATIONS 0.209 0.293 0.263 0.880 0.889 1.750

1.339 1.213 1.040 0.463 0.294 0.200

PERCOLATION/LEAKAGE THROUGH LAYER 1

TCTALS 0.3751 0.7212 0.8321 0.9804 1.0322 0.7735

AR301LII



0.6396 0.4930 0.4097 0.3297 0.3161 0.,30189

STD. DEVIATICNS 0.6032 0.7130 0.6480 0.6814 0.4283 0.3190
0.1612 0.1571 0.1082 0.1090 0.1406 0.2484

IR 2SS R E R RN R F AR R R EEE SRR SRR R RS RS E AR ERE R R EEEEE SRR SRR R R SRS R R EREREREREEERE RS

PR A R R R R SRR E AR R R R R S R R R EE R E RS R R EREEEEES EREEEEEREREEEESERESRIRESS S EES.E NSRS

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR-YEARS 1 THROUGH 30
T ewss cu. FeET PERCENT
PRECTPITATION 4112 5.848)  149272.9  100.00

RUNOFF 3.285 { 1.3854) 11926.34 7.990

EVAPOTRANSPIRATION ‘ 30.565 { 3.4052} 110952.00 74.328

PERCOLATION/LEAKAGE THROUGH 7.20458 { 2.99345) 26152.607 17.52000
LAYER 1

CHANGE IN WATER STORAGE 0.067 ( 3.1882) 241.92 0.162

IEE R R SRR EEEEEREEENE SRR SRR E SRR R SRR RE Rl RS iR RERR R RS RRRREESEREREESEEEERRERZEE SR

LA X R EREREESEREEE AL R R R R RS EEE SRR E SRR ERRSERERRRRRERRERRERRRRRRRRRE RS REEREES X S

FEAK DAILY VALUES FOR YEARS 1 THROUGH 30
T Newss) (vl FTg
PRECIPITATION 408 14810.399
RUNOFF ' 2.124 7710.7397
PERCOLATION/LEAKAGE THROUGH LAYER 1 0.181104 657.40918
SNOW WATER 3.00 10891.1436
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3049
MINIMUM VEG. SOIL WATER ({VOL/VOL) 0.1360

LA R KSR R R RS EAREE SRR R RS R RS R R R AR R LR R RS ER R R R RN R IR EE R R R R R R R

LA EEEREAREE S EEEESEEEEEESEE R R R AR ERREARRRERRERESENEEREEEFEEREEEEFESESEEFEEEEEEEEREEEEEEREEXHES

AR301L92



FINAL WATER STORAGE AT END OF YEAR 30

LAYER (INCHES) (VOL/VCL)
1 50.4096 0.2801
SNOW WATER 0.000

IR E R E R R EEREEEREEERE RS E R RS R R RRE R RS EER R R R R R R R R R R R ERRERRESE X ERESNEZE B

IR R E R E L R R R R R R R R R AR AR R R E R EEEEEEEEREREEE RS ERERREPEEEE R EEY
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N L s R E R R I R R E AR R A S AL R S R S R R E R E R IR EE RN E SRR R E R R EEEEEE RS

N R R F R R A E R R R N E R R R R R R AR R R R AR R R R R E R E SRR R E RS R R RS SR REE R EREE SR

L &
L W

il HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
* > HELP MODEL VERSION 3.07 (1 NOVEMBER 1597) ok
>k DEVELOPED BY ENVIRCONMENTAL LABORATORY **
** USAE WATERWAYS EXPERIMENT STATICN *
il FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *ox

* L4
* A L

L EEE R E R EEERESE S SRR AR E R AR R R AR SRR EEARERRRRAEEEE R R AR R R EE AR R AR EEEEERERRT]

I EE R E R R R FE R RN R T N EE R SRS R R E N E SR RS R ER S SRR RS SR RS R AR R EREEE R R SRR RERREREREEREY)

PRECIPITATION DATA FILE: C:\HELP3I\montross.D4

TEMPERATURE DATA FILE: C:\HELP3\montross.D7

SOLAR RADIATION DATA FILE: C:\HELP3\montross.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\montross.Dl1
SOIL AND DESIGN DATA FILE: C:\HELP3\15mon02.D10

OUTPUT DATA FILE: C:\HELP3\15mond2.0UT

TIME: 10:11 DATE: 1/19/2001

LA E R R R E RS S LR R R AR SRR SRR RR R R RN ER RS R R R RS R R R R EREERE RN R EREE KN T Y

TITLE: Existing Conditions - 15 feet @ 2.5% Surface Slope

AR A SR RS EERR SRR SRR S SRl RERE SRR R ER RS R R R FEE RS ERRERREREEEEREEEEREEEEEEE

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS = 180.00 INCHES

POROSITY = 0.3980 VOL/VOL
FIELD CAPACITY = 0.2440 VOL/VOL
WILTING POINT = 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2682 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.119999997000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

AR301LSL



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS5 RUNOFF CURVE NUMEBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 2.%
AND A SLOPE LENGTH OF 500. FEET.

SCS RUNOFF CURVE NUMBER 89.80
FRACTION COF AREA ALLOWING RUNOFEF = 100.0
AREA PROJECTED ON HORIZONTAL PLANE = 1.000
EVAPORATIVE ZONE DEPTH = 22.0
INITIAL WATER IN EVAPORATIVE ZONE = 5.293
UPPER LIMIT OF EVAPORATIVE STORAGE 8.756
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.992
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 48.269
TOTAL INITIAL WATER = 48.269
TOTAL SUBSURFACE INFLOW 0.00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FRCM

RICHMOND VIRGINIA

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE]
END OF GROWING SEASCON (JULIAN DATE}
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 13T QUARTER RELATIVE HUMIDITY
AVERAGE ZND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

38
2

1

22

68.

68
77

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.08
.00
91
306
.0
.60
00
.00
.00
.00

DEGREES

INCHES
MPH
%

%
3
%

NQTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOCR NORFOLK

NORMAL MEAN MONTHLY PRECIPITATICN

JAN/JUL FEB/AUG MAR/SEP APR/OCT
3.0e 2.74 3.85 3.11
4.48 3.50 3.46 3.08

VIRGINIA
(INCHES)
MAY/NOV JUN/DEC
Ta01 30
2.89 3.30

AR30143%



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
37.30 40.80 50.10 60.80 70.20 78.50
g2.00 B1l.60 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND STATICON LATITUDE = 38.08 DEGREES

N R R 22 R RS R R R R R R R R R R R R R R B R R IR X Ny

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

PRECIPITATION
TOTALS 2.76 2.53 4.29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.06 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFF
TOTALS 0.153 0.126 0.397 0.112 0.288 0.220
0.505 0.417 0.560 0.194 G.215 0.345
STD. DEVIATIONS 0.251 0.216 0.616 0.202 0.384 0.257
0.678 0.39% 0.584 0.246 0.327 0.336
EVAPOTRANSPIRATION
TOTALS 1.234 1.582 3.043 3.169 3.892 3.551
3.808 3.791 2.680 1.481 1.246 1.013
STD. DEVIATIONS 0.210 0.294 0.261 0.879 0.8838 1.737

1.331 1.208 1.037 0.463 0.293 0.200

PERCOLATION/LEAKAGE THRCUGH LAYER 1

_______________ e e e e e T R ——

TGTALS 0.3586 0.6885 0.8136 0.9465 1.0136 0.7688

AR30 1436



0.6264 G.48986 0.4058 0.3319 0.3063 0.28386

STD. DEVIATIONS 0.6005 0.6389 0.6439 0.6692 0.4320 0.3202
0.1488 0.1498 0.1Q58 0.1027 0.1257 0.1799

I EEE R EEEEEER RS RS R R R R R R R RS AR RS R RSl AR Rl E R R R R SRR R R R R R E R R R RN E RN R K

22 R E R X FEEE SRR EE R AR RS R AR R RS Rl R R AR ERESEEE AR R AR AR EREREEERAREREEREEEEREEREERS]

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FCR YEARS 1 THROUGH 30
T ewss co. FEeT PERCENT
PRECIPITATION 4112 s.s48)  149272.3 10000

RUNQFF 3.532 ( 1.4433) 12820.05 8.588

EVAPOTRANSPIRATION 30.488 ( 3.3762) 110672.23 74.141

fERCOLATION/LEAKAGE THRQUGH 7.03329 ( 2.97074) 25530.857 17.10348
LAYER 1

CHANGE IN WATER STCRAGE 0.069 ( 3.1672} 249.74 0.167

(AR ERE RS E RS REE R R FE R E R R R E R FREE R R R R R R ERE R FEEEREREEREEEEEEEE R NLELEE R R E R R

LA R R E R R EE R RS R RS R R R R R R A R R R R R A R R R AL R R A R R L R R R R R RSN E R LS REERE R R RE R R SRR EEEER]

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30
T Nnenes) qew. eTa
PRECIPITATION Taos 14810.399
RUNOFF 2.176 7899.0508
PERCOLATION/LEAKAGE THROUGH LAYER .l 0.145334 542.08405
SNOW WATER 3.00 10891.1436
MAXIMUQ VEG. SOIL WATER (VOL/VOL) 0.3049
MINIMUM VEG. SOIL WATER (VOL/VOL)} 0.1360

Jeodede A e v dr e de de e W IR kW e e e de e e e e e e i e e e ok ok e e dr de e o e ol i ok o e e e e dr e ot e e e e e W Sr e e i ke e e

[} .
LA AR A SRR EREEREARRES R ERESERE A RE R R R E R R R R R R Y L L s A2 AR R R R R R N ER

AR301497



FINAL WATER STORAGE AT END OF YEAR 30

LAYER {INCHES) (VOL/VOL)
1 50.3331 0.279¢6
SNOW WATER 0.000

IFE AR RS EIEEEEEEEEEEEEE SRR R R R R AR AR R R ER R R R R R ERERESESEJEEREESER}E"EJIEI NI "EII ey

R I T AR R R R E R R R R R R R R R A SRS R R RS R EEREENEREREREERERE R E NIRRT R A

AR301498



B T R I e R R R R A A R R N R e S S A2 R )

R R E R R E E E E A R R R T R R A R E R R R R ER R R EEE R R R R BRI R R g g
* *

- LA

> HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE il

il HELP MODEL VERSION 3.07 (1 NOVEMBER 1997} *x
i DEVELOPED BY ENVIRONMENTAL LABORATORY *
b USAE WATERWAYS EXPERIMENT STATION "
*ox FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *

* L
¥ W L

I R R R R R R R g R R R R R R Y Rl R L R I I TR e

LR R E R R R R R R R R R R R R R RN EEE N R R R R R R E R R RN EREERE EEE R R RN

PRECIPITATICN DATA FILE: C:\HELP3\montross.D4

TEMPERATURE DATA FILE: C:\HELP3\montross.D7

SOLAR RADIATION DATA FILE: C:\HELP3\montross.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\montross.D1l
SOIL AND DESIGN DATA FILE: C:\HELP3\15monl0.D10

CUTPUT OATA FILE: C:\HELE3\15monld.0UT

TIME: 10:13 DATE: 1/19/2001

LA AR A SRS RS SRR AR R R R R R R AR R RS R R R AR R AR ER AR AR RS R Rl RS R RS R R R ERESESS

TITLE: Existing Conditions - 15 feet @ 10 % Surface Slope

LAER S S A LR R ELERSEEEE SR XS E R E R R E R R R XEEE SRR R RS SRR R Rl ERR R AR R R R XA RS X EEE Y]

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 14

THICKNESS : = 18GC.0C0 INCHES

POROSITY = 0.3980 VOL/VOL
FIELD CAPACITY = 0.2440 VOL/VOL
WILTING POINT = 0.1360 VOL/VOL

INITIAL SOIL WATER CONTENT 0.2676 VQL/VCL
EFFECTIVE SAT. HYD. COND. 0.1199999%7000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FCR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

H

AR30149S



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 10.%

AND A SLOPE LENGTH QF 500. FEET

SCS RUNOFF CURVE NUMBER = 90.10
FRACTION OF AREA ALLOWING RUNOFF o 100.0
AREA PRCJECTED ON HORIZONTAL PLANE = 1.000
EVAPORATIVE ZONE DEPTH 22.0
INITIAL WATER IN EVAPORATIVE ZONE = 5.294
UPPER LIMIT OF EVAPORATIVE STORAGE = 8.7586
LOWER LIMIT CF EVAPORATIVE STORAGE = 2.992
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 48.169
TOTAL INITIAL WATER . = 48.169
TOTAL SUBSURFACE INFLOW = .00

EVAPOTRANSPIRATION AND WEATHER DATA

o R o S - —

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

RICHMOND VIRGINIA

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

= 38
= 2
= 22
= 7
= @B
= 68.
. 77,
= 73

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.08
.0¢
91
306
.0
.60
.00
oo
co
.00

DEGREES

INCHES
MPH
%

o0 ap oP

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR NORFOLK

NORMAL MEAN MONTHLY PRECIPITATIO
JAN/JUL FEB/AUG MAR/SEP APR/OCT
3.06 2.74 3.85 3.11
4.48 3.50 3.46 3.08

N

VIRGINIA
{INCHES)
MAY/NOV JUN/DEC
401 3.0
2.89 3.30

AR301500



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL, MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
37.30 40.60 50.10 60.80 70.20 78.50
82.00 81.60 72.50 62.30 31.40 41.8C

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND STATION LATITUDE = 38.08 DEGREES

IR SRR RS RS R EERER SR EER R R R EE R R R RS R RS R R R RR R R R R R R RERRRRRRERRRERE R R R RS AN EER]

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

PRECIPITATION
TOTALS 2.76 2.53 4.29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.06" 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFF
TOTALS 0.163 0.133 0.418 0.121 0.303 0.235
¢.533 0.439 0.584 0.207 0.227 0.364
S5TD. DEVIATIONS 0.264 0.219 0.624 0.212 0.396 0.268
0.699 0.414 0.600 0.256 0.339 0.351
EVAPOTRANSPIRATION
TOTALS 1.234 1.582 3.041 3.160 3.854 3.530
3.800 3.775 2.672 1.480 1.244 1.012
STD. DEVIATIONS 0.210 0.294 0.261 0.877 0.877 1.717

1.328 1.201 1.036 0.464 €.292 0.198

PERCOLATION/LEAKAGE THROUGH LAYER 1

TOTALS 0.3383 0.6696 0.7993 C¢.9146 1.0008 0.7617

AR30150!



0.6232 0.4892 0.4005 0.3307 0.2999% 0.2745

STD. DEVIATIONS 0.5784 0.6776 0.6540 0.6481 0.4293 0.3197
0.1527 0.1480 0.0997 C.0979 0.1178 0.1624

IR R RS SR SRS R R EREEE SRR SR SRR SRS Rl l RS R R R RRERRERRREEREESESEEREEESE B B EE Ry

I A S R R R R SRR R SRS RS SR SRSl R R RS Rl R RS R R RS E R R R R SR R Ry e e R R

AVERAGE ANNUAL TOCTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30

INCHES CU0. FEET PERCENT
PRECIPITATION | 4112 s.e48)  143272.9 100.00
RUNOFF 3.726 ( 1.4802} 13525.49 9.061
EVAPOTRANSPIRATION 30.424 { 3.3795) 110438.61 73.984
PERCOLATION/LEAKAGE THROUGH 6.90214 ( 2.93984) 25054.785 16.78455
LAYER 1
CHANGE IN WATER STORAGE 0.070 ( 3.1532) 253.98 G.170

LESAEE R RS SRR R AR AR LSRR R ERREE R RS AR RS S ERRRSERlRlRRERER Rl ERRRRRERERERSSE R 3R E TR IS

I EE RS EREESEEER AR EE AR R EEEE R SR E RS EREREE EREESERERESERREZSEEJEEE R IR K IR R I I i g e 3

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30
T T T  anekesy | eu. ety
PRECIPITATION '_Zféé ______ I;;IBT;;;--
RUNOFF ‘ 2.214 8036.1309
PERCOLATION/LEAKAGE THROUGH LAYER 1 0.148590 539.38184
SNOW WATER 3.00 10891.1436
MAKIMUM VEG. SOIL WATER (VOL/VOL) 0.3057
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360

LR R S R R S R R R R T R AN RS AR AR RS R R R R R R R R LS R R N R R E LA R R E L R R EEE Y

I EE RS NEEEEEREEERERERENNEEEEESESE R E SRR S S SR EREIEEEE B ES SRR R AR I I T I I S it U S ey
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FINAL WATER STORAGE AT END OF YEAR 30

LAYER (INCHES) (VOL/VOL)
1 50.2684 0.2793
SNOW WATER 0.000

AR E R AR RS SRR R R R R A R R RS EE SRR R R R BN R X e A R A R RS

LA SRS SRR RS ER RS SR AR ERREREE AR RRERREERERERESEREEE SR B EEE R EE R R R X Y

AR301503
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IR SRR R LSRR R R E SRR R R R REE R E R R E R SRS SR S R RS R R R SR SRR R R E R EEFEREEERAEREEEEEREREXRR"Y

* %k * e

* % L

* HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
i HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) .
o DEVELOPED BY ENVIRONMENTAL LABORATORY * 4
> USAE WATERWAYS EXPERIMENT STATION **
* FOR USEPA RISK REDUCTION ENGINEERING LABORATORY >

* % * %

* % * *
AR RS R R R SRR SRR R ER R R R R R R R RR R R RXRRRERRRRRRERRRER SRS AR ERSESEERERSEES:S:

AR R RS S R SRS A RS AR E RS AR AR ER X ESESEZER R AR R AR XS s Rl Rl Rttt R Rl

PRECIPITATION DATA FILE: C:\HELP3\montross.D4

TEMPERATURE DATA FILE: C:\HELP3\montross.D7

SOLAR RADIATION DATA FILE: C:\HELP3\montross.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\montross.Dll1l
SOIL AND DESIGN DATA FILE: C:\HELP3\1l5meon25.D10

QUTPUT DATA FILE: C:\HELP3\15mcn25.00T

TIME: 10:14 DATE: 1/19/2001

Tk hk ok hkdk ok kb oh ok ok ko rkr ok h ok kb kbt h ko kohhd ko drhok sk ded ek de ko wr ok gk e ko ko ok b

TITLE: Existing Conditions - 15 feet @ 25 % Surface Slope

[TEZEEESEENESZERS R RS R RN EEEERE R AR RAR SR RR R R RRRR R R AR REE R R RS R A S R AL R A RLRERERESEREELESE]

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS = 180.00 INCHES

PORUCSITY = 0.3980 VOL/VOL
FIELD CAPACITY = 0.2440 VOL/VOL
WILTING POINT = 0.1360 VOL/VOL
INITIAL SCIL WATER CONTENT = 0.2668 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.1199%%997000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

AR30 150U



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

- = —— e —— " Tt T ——t —— —— ¢ ———

NOTE: SCS5 RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 25.%

AND A SLOPE LENGTH OF 500. FEET

SCS RUNOFF CURVE NUMBER 90.40
FRACTION OF AREA ALLOWING RUNOFY = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES -
EVAPORATIVE ZONE DEPTH 22.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 5.294 INCHES
UPPER LIMIT OF EVAPORATIVE STCORAGE = 8.756 INCHES
LOWER LIMIT OF EVAPORATIVE S5TORAGE 2.992 1INCHES
INITIAL SNOW WATER = 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS = 48.030 INCHES
TOTAL INITIAL WATER = 48.030 INCHES
TOTAL SUBSURFACE INFLOW 0.00 INCHES/YEAR
EVAPOTRANSPIRATION AND WEATHER DATA
NQTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
RICHMOND VIRGINIA
STATION LATITOUDE 38.08 DEGREES
MAXIMUM LEAF AREA INDEX i = 2.00
START OF GROWING SEASON (JULIAN DATE) = 91
END OF GROWING SEASON (JULIAN DATE) = 306
EVAPORATIVE ZONE DEPTH = 22.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 15T QUARTER RELATIVE HUMIDITY = 6B.00 %
AVERAGE 2ZND QUARTER RELATIVE HUMIDITY = 6€8.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 77.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 73.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR NORFOLK

NORMAL MEAN MONTHLY PRECIPITATION

JAN/JUL FEB/AUG MAR/SEP APR/OCT
3.06 2.74 3.85 3.11
4.48 3.50 3.46 3.08

VIRGINIA
{INCHES)
MAY/NOV JUN/DEC
407 340
2.89 3.30

AR30150%5



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NCRMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
37.30 40.60 50.10 60.80 70.20 78.50
gz2.00 81.60 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND STATION LATITUDE = 38B.08 DEGREES

IEE R R RS RS RE RS ERERRERERRERRS RRRR R R R R R R R R R R R R R R R R R R R AR R R R R SRR R R R R R LR R SR EERESEEESE)

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 2.76 2.53 4.29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.06 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFF
TOTALS 0.173 0.142 0.441 0.130 0.320 0.251
0.559 0.465 0.610 0.220 0.240 0.385
STD. DEVIATIONS 0.275 0.223 0.634 0.224 0.411 0.281
06.71% 0.429 0.619 0.266 0.352 0.368
EVAPOTRANSPIRATION
TOTALS 1.233 1.582 3.042 3.159 3.891 3.505

3.784 3.758 2.661 1.481 1.242 1.011

[
-

.209 0.254 0.261 0.878 .875 .708
1.323 1.194 1.035 0.465 0.292 0.197

o

STD. DEVIATIONS

PERCOLATION/LEAKAGE THROUGH LAYER 1

TOTALS 0.3267 0.6381 0.7659 0.8912 0.9931 0.7573

AR301506



0.6169 0.4844 0.3979 0.3284 0.2975 0.2677

STD. DEVIATIONS 0.5620 0.6545 0.6248 0.6527 0.4284 0.3215
0.1500 0.1462 0.0859 0.0971 0.1142 0.1410

PR S R R R R R E R EE N RE R RS R R R R R LA SRR RS EEEEEREEREEREEEEEEEELEEREEEEREEIEE R

IR R RS R E A E R R R NI R R RS E AR EE R EREE R R EE R R EE RS REEERE R NEFENEFEREREERESEEEERZESEZEE B BEERY

AVERAGE ANNUAL TOTALS & (STD. DEVIATICNS) FOR YEARS 1 THROUGH 30
T ewss Cu. FEET  PERCENT
PRECTPITATION a1z s.eas) 149272.9 100,00

RUNOFF 3.938 { 1.5243) : 14294.89 9.576

EVRAPOTRANSPIRATION 30.348 { 3.3742) 110164.27 73.801

PERCOLATION/LERKAGE THROUGH 6,76501 { 2.892861) 24556.977 16.45107
LAYER 1

CHANGE IN WATER STORAGE 0.071 [ 3.1280} 256.72 0.172

R AR R R RS R SRR RERERER R RERERRRARRRRRERRRLRERREREEERRERERRERRRRREERRERERERESREREREESEE FEBEY

LA ESER R FESENEEREEE RS RS RS RS EE R ERE R R A ERERERZESESEN IR FRERIFESIEREEINEZER BN EEE R BE PR

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30
e A
PRECTPITATION —‘;jag——-- --IEQEBT;;;-*
RUNOFF 2,245 8148.4463

. PERCOLATION/LEAKAGE THROUGH LAYER 1 0.135905 493.33417
SNCOW WATER 3.00 10891.1436
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3070
MINIMUM VEG. SCIL WATER (VOL/VQOL) 0.1360

LER A AR EE R EEEEE LS R AR EEAREEE SRS ER SR EREREEEREEE R R R R R R R R R R R R e s A AR

IAASEREREERR LS SRR EEESEE RS R AR SRR E SRR ERRRERREEREREEESEEFEREERESEIERES ENEFE R BN
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FINAL WATER STORAGE AT END QF YEAR 3t

LAYER (INCHES) LVOL/VOL)
1 50.1519 0.2786
SNOW WATER 0.o000

LE R E R R R R N R R R R E R R AR R N E R SRR R EEEREE SRR EEEE R R R R EEE R RSN TN

R R E R R SRR R R E R R R E S EEEEEEEE R E R RS A RS R R R RS R R R R R RS R R R R R R R AR AR R AT EEEE EEE XN
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07

(1 NOVEMBER 1997}

DEVELOPED BY ENVIRONMENTAL LABORATCORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

L

w4

&

LR

a*

L]

o de
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* w

LR X R R R R R A E R R RS R R EEEE AR R E R R R R R R R R R ER R R RS LA N E SRR R SRR RS RS ERESR SR EE ]

IR R R R R B T TR RS EFEEE TR LSRR R RS R R RS AEERER R R R RREREE R RENERRRERSRESREREER)

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATICN DATA:
SOIL AND DESIGN DATA FILE:
CUTPUT DATA FILE:

TIME:

11:33

:\HELP3\montross.D4
:\HELP3\montross.D7
:\HELE3\montross.D13
:\HELP3\montross.D11
+\HELP3\10MONQ5.D10
:\HELP3\10MONQS5.0UT

OO0 0n

DATE: 1/19/2001

LR E R E R E R R R R R E RN E R R R R R E RS R R R E R A EREAAR AR RS AR R R R R R RREER EEEEREEEEEE)

TITLE:

Existing Conditicns - 10 feet @ 0.5% Surface Slope

B R R R R R R A R R R e e R R R E R AR R X T A

NOTE :

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

COMFUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT = 0.2781

EFFECTIVE SAT. HYD. COND.

NOTE:

= 120.00

0.3980
0.2440
= 0.1360

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

0.1199999%7000E-03 CM/SEC

SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

FOR ROOCT

AR301508



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 0.%
AND A SLOPE LENGTH OF 500. FEET.

5CS RUNOFF CURVE NUMBER 89.40
FRACTION COF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPQRATIVE ZONE DEPTH 22.0 TNCHES
INITIAL WATER IN EVAPORATIVE ZQONE 5.293 INCHES
UPPER LIMIT CF EVAPORATIVE STORAGE 8.756 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE 2.992 INCHES
INITIAL SNOW WATER 0.000 1INCHES
INITIAL WATER IN LAYER MATERIALS 33.373 INCHES
TOTAL INITIAL WATER 33.373 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

it

i

[

]

EVAPOTRANSPIRATION AND WEATHER DATA

— e e e e e — e ——r — — — e —m—— —— —

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
RICHMOND VIRGINIA

STATION LATITUDE 38.08 DEGREES
MAXIMUM LEAF AREA INDEX 2.00
START OF GROWING SEASCON (JULIAN DATE) = 91

n

END OF GROWING SEASON (JULIAN DATE) = 306
EVAPORATIVE ZONE DEPTH = 22.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 18T QUARTER RELATIVE HUMIDITY = 68.00'%
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 77.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 73.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
CQEFFICIENTS EFOR NORFQLK VIRGINIA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/RAUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
3.08 2.74 3.85 3.11 4.07 3.4C
4.48 3.50 3.46 3.08 2.89 3.30



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
37.30 40.60 50.10 60.80 70.20 78.50
82.00 81.60 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
BND STATION LATITUDE = 38.08 DEGREES

IE R 2 RS R FE R RS RS FEEEEEEERS R RES R R R R RERERERE R AR AR Rl l s ARl AR RREREREESRS RN

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

PRECIPITATION
TOTALS 2.76 2.53 4.29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.06 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFF
TOTALS 0.139 0.11e 0.372 0.103 0.268 0.201
- 0.472 0.388 0.529 0.17% 0.199 0.32]
STD. DEVIATIONS 0.233 0.211 0.605 0.130 0.365 G.243
0.651 0.382 0.5e61 0.233 0.309 C.319
EVAPOTRANSPIRATION
TOTALS 1.235 1.582 3.047 3.171 3.883 3.568

3.829 3.806 2.695 1.483 1.249 1.017

<

.208 0.293 0.263 .880 0.889 1.750
1.338 1.213 1.040 0.463 0.294 0.200

o

STD. DEVIATIONS

PERCOLATION/LEAKAGE THROUGH LAYER 1

‘TOTALS 0.7912 0.9785 1.0121 1.0669 0.9061 0.6012

AR301SHI



Q.4695 0.3441 0.2833 0.2308 0.2236 0.3248

STD. DEVIATICNS 0.8898 0.8922 0.6239 0.6562 0.3232 0.2462
0.1192 0.1172 0.077% 0.0845 0.1523  0.7143

IAE SRR RS R R XA R RE R SRR R RS RS RR R REREREEEXEERRREEEREREEEE RS R R X R RNy

L e R Ry N T S R R R R R R S R R R R R R S R EEE LR SRR EES EE EERE R E R RE R R TR RN R e ey

AVERAGE ANNUAL TOTALS & (STD., DEVIATIONS) FCR YEARS 1 THROUGH 30

INCHES CU. FEET PERCENT
PRECIPITATION ‘;ITI;-—‘_?_--;T;;;) '"’;;;;;;j;" ;aataa—_-
RUNOFF 3.285 ( 1.3854) 11926.34 - 7.990
EVAPOTRANSPIRATION 30.565 ( 3.4052) 110952.00 74.328
PERCOLATION/LEAKAGE THROUGH 7.23411 { 2.77400) 26259.832 17.59183
LAYER 1
CHANGE IN WATER STORAGE 0.037 { 2.8452) 134,68 0.090

AR AR R EERARAEE R R R R R AR R R R E AR AL R AR R R LR AR R R EREEEEEREEREFEE T RN ENRE T T T TR Npr gy

LA AR EEEEEEEXEEEEE SRR EREEREEEREREERERS SR SRR EREREREEREEREEENERFEEIEXEEES EREERPEFEE ST

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30

(INCHES) {CU. FT.)
PRECIPITATION Caos 14810.399
RUNOFF 2.124 7710.7397
PERCOLATION/LEAKAGE THROUGH.LAYER 1 0.3859%6 1401.16675
SNOW WATER 3.00 10891.1436
‘MAXIMUM VEG. S0IL WATER (VOL/VOL) 0.3049,
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360

LA S A EREEEEAEEE RS R R R R RS R R R R Rl LR AR ERRERE RS R RE EEEEEREEEEERETE BEE SR LR EUE R R

LA AR SRR EERSESERNAEEE SRR R ER SR AR EERREREREEEREREEFEREEEEEFEEREETESEEREXER IS B R

AR301512



FINAL WATER STORAGE AT END OF YEAR 30

LAYER (INCHES) (VOL/VOL}
1 34.48e6l 0.2874
SNOW WATER 0.000

IR R R R RS R R R E R R RN RN R R R R R R R R LSRR R R ERE R RS RREERESRERRE SR NERRERERESERSEEEEREEE

IR R E N R EREE S S FREE SRR EEE R ERERERE R R RS R RS R RS RS E R ERERER R RS EEREEEREREY]
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HYDROLOGIC EVALUATIQN OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 (1 NOVEMBER 1937}
DEVELOPED BY ENVIRONMENTAL LABORATQORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
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PRECIPITATION DATA FILE: C:\HELP3\montross.D4

TEMPERATURE DATA FILE: . C:\HELP3\montross.D7

SOLAR RADIATION DATA FILE: €:\HELP3\montross.D13
EVAPOTRANSFIRATION DATA: C:\HELP3\montross.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\10mon02.D10

OUTPUT DATA FILE: C:\HELP3\10mon02.0UT

TIME: 10:28 DATE: 1/19/2001

AR ERESEEEEEREERERENEREEE R R R RRRERR SRS REEREEEESEEENEREREERESEESEEER I E TR PRI T

TITLE: Existing Conditions - 10 feet 8 2.5% Surface Slope

LA R R EE R E R EREE SRR E R SRR R R R R SRR R R R R R R R R R R R R R R R R R R R E R R R R R E R R TR E RS R R

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

CCMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS = 120.00 INCHES
PORQSITY = 0.3980 VOL/VOL
FIELD CAPACITY = 0.2440 VOL/VOL

WILTING POINT 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2772 VOL/VOL
- EFFECTIVE SAT. HYD. CORND. = 0.119999997000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

it

AR30151Y



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #10 WITH A

POOR STAND OF GRASS,

AND A SLOPE LENGTH OF 500. FEET

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF

AREA PROJECTED ON HORIZONTAL PLANE =

EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE =
UPPER LIMIT OF EVAPORATIVE STORAGE =
LOWER LIMIT OF EVAPORATIVE STORAGE

INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS

TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

89

A SURFACE SLCPE OF

.80

100.0

.000

.293
.756
.992
.00
261
.261
.00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPQTRANSPIRATION DATA WAS OBTAINED FRCM

RICHMOND

STATION LATITUDE

VIRGINIA

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND
AVERAGE 1ST QUARTER
AVERAGE 2ND QUARTER
AVERAGE 3RD QUARTER
AVERAGE 4TH QUARTER

SPEED

RELATIVE HUMIDITY
RELATIVE HUMIDITY
RELATIVE HUMIDITY
RELATIVE HUMIDITY

38
2

1

Il

68

22.

68.

2.

%

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.08
.00

91
306

.60
00
.00
.00
.00

DEGREES

INCHES
MPH
%

%
%
%

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK

NORMAL MEAN MONTHLY PRECIPITATION

JAN/JUL FEB/AUG MAR/SEP APR/OCT
3.06 2.74 3.85 3.11
4.48 3.50 3.46 3.08

VIRGINIA
(INCHES)
MAY /NOV JUN/DEC
401 3.0
2.89 3.30
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NOQTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
37.30 40.60 50.10 60.80 7¢.20 78.50
82.00 8l.60 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND STATION LATITUDE = 38.08 DEGREES

IS X EZESEEERERS REREEFESEEEEEREESESAEEESEAREERE AR RRRREEERRRESSEEREEEESEEESREEEEZS'SREEERZE

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

o e A A e A R A e o e e o b e L e e v AR AR e e A e e SR A R B e A e e e o e = - - -

- o —— - —— —— . —— —_——————_—— —

PRECIPITATION
TOTALS 2.7¢6 2.53 4.29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS . 1.57 1.06 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFF
TOTALS 0.153 0.128 0.397 0.113 0.288 0.220
- 0.505 0.417 0.560 0.194 0.215 0.345
STD. DEVIATIONS 0.251 0.216 0.616 0.202 0.384 0.257
0.678 0.399 0.584 Q.246 0.327 0.336
EVAPQOTRANSPIRATION
TOTALS 1.234 1.582 3.043 3.169 3.892 3.551
3.808 3.791 2.680 1.481 1.246 1.013

o

.210 0.294 0.261 0.879 0.888 L7137
1.331 1.208 1.037 0.463 0.293 Q0.200

—

STD. DEVIATIONS

PERCOLATION/LEAKAGE THROUGH LAYER 1

TOTALS 0.7486 0.9646 0.9968 1.0430 0.8924 0.5998
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0.4589 C.3423 0.2811 0.2286 0.2059 0.3016

STD. DEVIATIONS 0.8850 0.%032 G.6205 0.6337 0.3187 0.2520
0.0980 0.1117 0.0753 0.079e 0.1412 0.6401

IR R AR SRR SRS ERRERREERERREEEREESE SRR R REREERFEERR R R EE R R ERENERERERSERESERESE X

ek de ek de de ok e de e e b e ke e e ek e e de ke et e e e e e e e e ke e e e e b e ok ke sk vk ol T ol e o e e ek e e ke e e e e ke e ek ke ok R e e e e e e

AVERAGE ANNUAL TOTALS & (STD. DEVIATICONS) FOR YEARS 1 THROUGH 30
S vemss Cu. FEET  PERCENT |
PRECIPITATION 4112 s.848)  149272.9  100.00

RUNQOFF 3.532 ( 1.4433) 12820.05 8.588

EVAPOTRANSPIRATION 30.488 { 3.3762) 110672.23 74.141

PERCOLATION/LEAKAGE THROUGH 7.06350 ( 2.75174) 25640.490 17.17693
LAYER 1

CHANGE IN WATER STORAGE 0.039 ( 2.8451) 140.11 0.094

LA A R A SR ER R AR R R RS R R R R A E R RE SRR R R R R R R R R R R R Rl R RERRE R RE R EEREEEEERREESR]

LA SRR AR EAR R R R R R R R R RS s R R SRR R R R R R R R R R R R R R R R R R R R RN

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30
T T ey qcw. £
PRECTPITATION 408 14810.399
RUNCFEF 2.178 7899.0508
PERCOLATION/LEAKAGE THROUGH LAYéR 1 0.277167 1006.11572
SNOW WATER 3.00 10891.1436
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3C49
MINIMUM VEG. SOIL WATER {VOL/VOL} 0.1360

LA LR AR EESS A ER AR S RERE RS R AREREE SRR RERSR R R R AR R Rl R EEEEEEEEREEERE SRS

Gk ddhkoh ko ko kkwk ek hhkkkk Mk k ok k ok ko ok k kk ok F bk h bk kk ok ok ko kohdoddhkh ko h ok ok ok ok ok
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FINAL WATER STORAGE AT END OF YEAR 30

LAYER {INCHES) (VOL/VOL)
1 34.4185 0.2868
SNOW WATER 0.000

dodrodr Aok e v sk e v e e sk e dr e e W e A e e b e e e e e b e e A de e e e e e e e e e e b o i e b e e ok e e b e e e o b b e e e W ok e e e e o e

I EEFEEEERESESEEERPEE R RS R AR R R R LR RS Rl R ERRERERE Rl SRR R ERER R REERERERSERJEERE RIS
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AR ERE S A NEEERREEEAREEEEEEEREREEER EEEEEEE R EEEEE R SRR R EREE R FEEE TR R R R R I I

IEXE SRR R R AR SRR R R R SRR R R R R R R R R R EREE R R R R R R R R R R R R I e

- & *o*

* ¥ * ¥

** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997} * ok
** DEVELOPED BY ENVIRONMENTAL LABORATORY **
** USAE WATERWAYS EXPERIMENT STATION *
> FOR USEPA RISK REDUCTICN ENGINEERING LABORATORY *

* LR

L * W

tE R RN R R EE R R E SRR RN EREEEEREE R NEEFEREXEAEEEEEE R R AR E R R R R EEEEEEEENEIEEEEEEEEETEESEE RIS

dd kb d bk ok kkok ok kb ko k kb dhdrde bk drdrdr ek h ko dokdrdr e i ok b ke ok ko ok ok ke e ek ok ok ko e

:\HELP3\montross.D4
:\HELP3\montross.D7
:\HELP3\montross.D13
:\HELP3\montross.D1l1
:\HELP3\10mon10.D10
:\HELP3\1Cmonl0.0UT

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
CUTPUT DATA FILE:

naooaan

TIME: 10:30 DATE: 1/18/2001

LA AR EREREESS SRR R ER R R R R R R RS RS R Al SRR SRR R Rt AR RN R R R R R R R R R RERETES RS

TITLE: Existing Conditions - 10 feet @ 10.0% Surface Slope

AR R SRS ESESSEREEEEE RS RS EEE R RREEERERE SRR RERRER R RS EREREREETEEEENEEREEESEENREERESENEEX)

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10
THICKNESS = 120.00 INCHES
POROSITY = 0.39%980 vOL/vVOL
FIELD CAPACITY 0.2440 VYOL/VOL
WILTING POINT 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2765 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.1199999970C0E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPQRATIVE ZONE.
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GENERAL DESIGN AND EVAPCRATIVE ZONE DATA

AL e e A L e o e s v o =

NOTE: SCS RUNOQEFE CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 10.%
AND A SLOPE LENGTH OF 500. FEET.

SCS RUNOFF CURVE NUMBER = 90.10
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES

EVAPORATIVE ZONE DEPTH 22.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE 5.294 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 8.756 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE 2.992 INCHES
INITIAL SNOW WATER 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS 33.180 INCHES
TOTAL INITIAL WATER 33.180 INCHES
TOTAL SUBSURFACE INFLOW 0.00 INCHES/YEAR

Il

Bouon

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FRCM

RICHMOND VIRGINIA
STATION LATITUDE = 38.08 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START QF GROWING SEASON (JULIAN DATE) = 91
END OF GROWIRG SEASON (JULIAN DATE) = 306

EVAPORATIVE ZONE DEPTH 22.0 INCHES

AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 68.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.00 %
AVERAGE 3RD QUARTER RELATIVE HOUMIDITY = 77.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 73.00 %

NOTE: PRECIPITATIOCN DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL MEAN MONTHLY PRECTPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT ~ MAY/NOV JUN/DEC
3.06 2.74 3.85 3.11 4.07 3.40
4.48 3.50 3.46 3.08 2.89 3.30
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NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
‘ COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NCOV JUN/DEC
37.30 40.60 50.10 60.80 70.20 78.50
82.00 81.690 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND STATION LATITUDE = 38.08 DEGREES

LR R R E RS E RS A SRR ERE R R R RS R R R R R R R SRt R R R R R R R R R AR A SRR SRRl AR LR R RN

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 2.76 2.53 4.29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.06 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFF
TOTALS ' 0.163 0.133 0.418 0.121 0.303 0.235
* 0.533 0.439 0.584 0.207 0.227 0.364
STD. DEVIATIONS 0.264 0.219 0.624 9.212 0.396 0.268
0.699 0.414 0.600 0.256 0.339 0.351
EVAPOTRANSPIRATION
TOTALS 1.234 1.582 3.041 3.160 3.894 3.530
3.800 3.775 2.672 1.480 1.244 1.012
STD. DEVIATIONS 0.210 0.294 0.261 0.877 0.877 1.717

1.328 1.201 1.038 0.464 0.292 0.198

PERCOLATION/LEAKAGE THROUGH LAYER 1

TOTALS 0.7141 0.9444 0.9945 1.0136 0.8869 0.5948
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0.4578 0.3415 0.2786 0.2227 0.2053 0.2785

STD. DEVIATIONS 0.8B656 0.9072 0.6346 0.6118 0.3174 0.2506
0.0983 0.1078° " 0.0682 0.0788 0.1311 0.6092

I 2 E A EE R R R A E R AR R AR R R R R R R R R R R AR EE R R R EEE R RS R R E R EE R EEEERESEREESREEESR BRI LN R IR

e S E R R R R R RN R A N R E R R EE RS E A RN E R RS S RS R R AR R AR R R R RS R AR R R R R R R R SR EREERERERETEERER)

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30

INCHES CU. FEET PERCENT
PRECIPITATION 4112 ( s.848)  149272.9  100.00
RUNOFE 3.726 { 1.4802} 13525.49 9.061
EVAPOTRANSPIRATION 30.424 ([ 3.379%5) 110438.61 73.9814
PERCOLATION/LEAKAGE THROUGH 6.93273 ( 2.71508) 25165.824 16.85894
LAYER 1
CHANGE IN WATER STORAGE 0.039 { 2.8481) 142.94 0.096

LR R R R R R R A R R R R R R R R E R A R R R R R R A R A R R L R R R R R E A E R R R R R R R R E R R E R R LR R R

IR AR ER R EEEEEEE RS AR R R RR R EREERE IR SRR RR Rl R R RRSREREERRERFELEEEEEFERERERESRZES'EEERIPEE]

PEAK DAILY VALUES FCR YEARS 1 THRCOUGH 30
ST memesy v, PT
PRECIPITATION —-ZTB;‘-__ --I;;Iatgggg_
RUNOFF 2.214 B036.1309
PERCOLATION/LEAKAGE THROUGH LAYER 1 0.271786 986.58392
SNOW WATER 3.00 10891.1436
MAXIMUM VEG. SOIL WATER {VOL/VOL) 0.3057 .
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360

IR AR SR EREERAEE RS RS R REEEARREEE R RREREREE R RS R R EE R EEEEREREEEREEEEEEEXETRE R

I ER R R SRR SRS R A R SRR ARERE R R R FEERE LR EEE SR EREREERE SRR R R R R EEEERR R ERRRERSEEEEEE)
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FINAL WATER STORAGE AT END CF YEAR 30

LAYER (INCHES) (VOL/VOL)
1 34.3612 0.2863
SNOW WATER 0.000

R R R R A R R R R E R R R R R T YR EE R R R R R R R R R R EEE R EEEEREE R R RS SRR S REERES SR

IR RS AR S S R E R R ERERTEEREEEEFELNEFEAEEELEEEEEEREERE R EEE RS RS R R EEREE DRSS E RS ERLEERESESSSE]
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I EE AR R R R R R ERE AR RS EERES LR R RS R R R ERRRE RS R R R R R R AR ER R RS RRER R RS ER EESERERERESIESEEY

khk kb bk kb bkh bk h kbt hrk bbbk bkdbhbhhhhhhhhkbbhbhkdkhobhhdhddbdhrhhodhkhdhhkhkdhhdkhtdrs

* 4 *

* d

** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE > *
* & HELP MODEL VERSION 3.07 {1 NOVEMBER 1997) *
* * DEVELCPED BY ENVIRONMENTAL LABORATORY *
*x USRE WATERWAYS EXPERIMENT STATION * &
*x FOR USEPA RISK REDUCTION ENGINEERING LABORATCRY *

* * *

-k *

FEEEE SRS AR EEERARER R RES R RRERERRRRR SRRl aRa s AR R Xl Rl Rl R REREEEREXS S EE

IS X EEX S RN EEREEEEAEEEEE R R R SR R E RS EEEEZE R RS RS RRRES R R SRR REEREEEREESEEERERSESEXEN Y

PRECIFPITATION DATA FILE: C:\HELP3\montross.D4

TEMPERATURE DATA FILE: C:\HELP3\montrocss.D?

SOLAR RADIATION DATA FILE: C:\HELP3\montross.Dl3
EVAPOTRANSPIRATION DATA: C:\HELP3\montross.DI11
SOIL AND DESIGN DATA FILE: C:\HELP3\10mon25.D10

CUTPUT DATA FILE: C:\RELP3\10monz25.CUT

TIME: 10:31 DATE: 1/198/2001

LER SRS EE R SRR E SRS R RS RER RS RS RS RRRR SRl SRR RS ERERRERERESERSRREESRZEREEEFEEIEREREE WS

TITLE: Existing Conditions - 10 feet @ 25.0% Surface Slope

*t*i&ii***i*i-****ti&i*i—ipiri‘***i-*i*ii-*\l»%"&-*i*i*tki\i*it*i’i***i*i“********i*********

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS = 120.00 INCHES

POROSITY = 0.3980 VOL/VOL

FIELD CAPARCITY 0.2440 VOL/VOL

WILTING POINT 0.1260 VCL/VOL

INITIAL SQIL WATER CONTENT 0.2755 VOL/VOL
. EFFECTIVE SAT. HYD. COND. = 0.119999397000E~-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00

FOR ROOT CHANNELS IN TCP HALF OF EVAPORATIVE ZONE.

it
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SCIL DATA BASE USING SOIL TEXTURE #10 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 25.%

AND A SLCPE LENGTH OF 500. FEET

SCS RUNOFF CURVE NUMBER = 90. 40
FRACTICON OF AREA ALLOWING RUNOFF = 100.0C
AREA PROJECTED ON HORIZONTAL PLANE = 1.000
EVAPORATIVE ZONE DEPTH = 22.0
INITIAL WATER IN EVAPCRATIVE ZONE = 5.294
UPPER LIMIT OF EVAPORATIVE STORAGE = 8.756
LCWER LIMIT OF EVAPORATIVE STORAGE = 2.992
INITIAL SNOW WATER = ¢.000
INITIAL WATER IN LAYER MATERIALS = 33.060
TOTAL INITIAL WATER 33.060
TOTAL SUBSURFACE INFLOW = 0.00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

RICHMOND VIRGINIA

STATION LATITUDE

MAXIMUM LEAEF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE}
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ZND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

38
2

it

= Z2.

5
68

68 .

= 77

= 73,

PERCENT
RCRES
INCHES
INCHES
INCHES
INCHES -
INCHES
INCHES

* INCHES
INCHES/YEAR

.08 DEGREES
.00

91
306
0 INCHES
.60 MPH
.00 %
00 %
.00 %
Co %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR NORFOLK

NORMAL MEAN MONTHLY PRECIPITATIO
JAN/JUL FEB/AUG MAR/SEP APR/OCT
3.06 2.74 3.85 3.11
4.48 3.50 3.46 3.08

N

VIRGINIA
(INCHES)
MAY/NOV JUN/DEC
Teor 340
2.89 3.30
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NCTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
37.30 40.60 50.10 60.8B0 70.20 78.50
82.00 81.60 72.50 62.30 51.40 41.8Q

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND STATION LATITUDE = 38.08 DEGREES

EEEE R A E TS RS LSS R SRR EE SRR R RS ERRE RS R Rl R R R REREREREFENEZLEREEEEREEREEEZ IR TR TR RP P e

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

PRECIPITATION
TOTALS 2.76 2.53 4.29 2.67 3.54 2.50
4,97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.06 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNCFF
TOTALS 0.173 0.142 0.441 0.130 0.320 0.251
* 0.559 0.465 0.610 0.220 0.240 0.385
STD. DEVIATIONS 0.275 0.223 0.634 0.224 0.411 0.281
0.719 0.429 0.619 0.266 0.352 0.368
EVAPOTRANSPIRATION
TOTALS 1.233 1.582 3.042 3.159 3.891 3.505
3.784 3.758 2.661 1.481 1.242 1.011
STD. DEVIATIONS 0.209 0.294 0.261 0.878 0.875 1.708

1.323 "1.194 1.035 0.465 0.292 0.197

PERCOLATION/LEAKAGE THROUGH LAYER 1

TOTALS 0.6897 0.9156 0.9565 1.0042 {.8888 0.593¢C
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0.4536 0.3381 0.2758 0.2177 0.1948 0.28662

STD. DEVIATIONS 0.8484 0.8882 0.5927 0.6257 0.3245 0.2503
0.0836 0.1056 0.0647 0.0800 0.1267 0.5817

PR A E R R R E R R R R R R R R R EEE RN R R R R R R R R R R R EEEEREEEREE R EEEEEERSERERESZ:ZEEZREY

I EE R TR R RS R I TR R R RS SRR E R R R E R R R RS RS RS R SR EERRERERERERS EFREIY

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30

INCHES CU. FEET PERCENT
PRECIZITATION 112 ( 5.848)  149272.9  100.00
RUNQFF 3.938 { 1.5243) 14294.89 9.576
EVAPOTRANSPIRATION 30.348 ( 3.3742) 110164.27 73.801
PERCOLATION/LEAKAGE THROUGH 6.79395 ( 2.68785} 24662.051 16.52146
LAYER 1
CHANGE IN WATER STORAGE 0.042 { 2.8465) 151.64 0.102

IER RS R R R E R R R R RS R E SRR SRR R R REER R R R R R AR RS R R R R R R R R R AR R R R R R R R AR R R R R ESEEESEREES]

ko ddhk kb bk ko hhhkhbbhdhdthhhhbkrhrhdhhbhhdbhhhbdrhkrdhddhddhbddhdrdbdddhddbddbdddbdddod b ddd 4ok

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30
T T T T T Nneses) qeu. P19
PRECIPITATION 408 14810.399
RUNOFF 2.245 8148.4463
PERCOLATION/LEAKAGE THROUGH LAYER 1 0.260716 346.39819
SNOW WATER 3.00 10891.1436
MAXIMCM VEG. SOIL WATER (VOL/VOL) 0.3070
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360

LA AR RS LR R EEEREEEEEEEEEE RS REERRRRERRRR R R R R R R R R XA R R R R R R R AR R R R R R R RS R AR R AR S SSS ]

e de e v e e ok e e dr e de e e de ke de e de de de e de de dede ke ke ok e e ke e ke e ke e e v e s W e e ke e ok e e e e ke e e e e e ke o e e e e e e e ek b e e
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FINAL WATER S5TORAGE AT END OF YEAR 30

LAYER { INCHES) {VOL/VOL)
1 34.3135 0.2859
SNCOW WATER 0.000

IR R R R ERE R RSN EEERE SRR RS R R R AR SR RS AR RS RER R EEREERSEREEEEREEEREEREEEEE R IR

LR R R E S EE SR EEFEENERE RS RS R EE SRR RS E R RS EREERERERER R R EREEEREERSEEERSESSE B EEE IR RIEEE X
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APPENDIX D-2

Cap System Alternatives A, B,C & D
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IR R A EEEREEEEERER ST TSR A AR AR R R R EERRERRR R R R ERERRER R SRS ERERRREEERERREREREREEEESRSEJF¥Y
IR R TR R RN AR E R YRR R R R R R R RS EEEEEFER RN EEEREEREREE SRR R RS

A *

* ok *

*ox HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE * %k
el HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *
bl DEVELOPED BY ENVIRONMENTAL LABORATORY *
o USAE WATERWAYS EXPERIMENT STATION **
* FOR USEPA RISK REDUCTION ENGINEERING LABORATORY * %

W * ¥

* Ao
L R R R R R e R E R S R RS R R R R E RS R R R R EEEER R EEEEREEREREEEEEREEY

IR A EEETEEEEEEEEE R R RS R RS R R R A RRE SRR R R R RERRRR R R RS RR R R R R R R RRRERRSERESEERERS BN

PRECIPITATICN DATA FILE: C:\HELP3\montross.D4
TEMPERATURE DATA FILE: C:\HELP3\montross,D7
SOLAR RADIATION DATA FILE: C:\HELP3\montross.Dl3
EVAPOTRANSPIRATION DATA: C:\HELP3\montross.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\gclnet.D10
OUTPUT DATA FILE: C:\HELP3\gclnet.QUT

TIME: 10:33 DATE: 1/19/2001

LA A AR E S EEREEEEE SR ESE R E R RS RS R R R EERER SRR R RS SRR RS E R Rl R R R R R R R R SRR R EEEERERSESEN]

TITLE: Alternative A - GCL/Drainage Net/24 inches of soil

LR RS R ER R RS AR SRR RS RS R AR EEREEER RS Rl EES RSl R SRR Rl R ERREEEEEE AR EEEEE R

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10
THICKNESS = 24.00 INCHES
POROSITY = 0.3980 VOL/VOL
FIELD CAPACITY 0.2440 VOL/VOL
WILTING POINT 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3549 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.119399997000E-03 CM/SEC
NOTE: SATURATED HYDRAUGLIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
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LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER ¥
THICKNESS = 0.20 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY 0.0lco VQL/VQL
WILTING POINT 0.0050 vOL/VOL

=
=

INITIAL SOIL WATER CONTENT = 0.83500 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 1.00000000000 CM/SEC
SLOPE = 1.00 PERCENT
DRAINAGE LENGTH = 500.0 FEET

LAYER 3

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS = 0.25 INCHES

POROSITY = 0.7500 VOL/VOL

FIELD CAPACITY = 0.7470 VOL/VQL

WILTING POINT = 0.4000 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL

EFFECTIVE SAT. HYD. COND. = (.300000003000E-08 CM/SEC
LAYER 4

TYPE 1 - VERTICAIL PERCOLATION LAYER
MATERIARL TEXTURE NUMBER 10

TRICKNESS = 204.00 INCHES
POROSITY = 0.3%80 VOL/VOL
FIELD CAPACITY = 0.2440 VOL/VOL

WILTING POINT = 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2446 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.119%99997000E-03 CM/SEC

#

"

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: ©S5CS RUNCEFF CURVE NUMBER WAS CCMPUTED FROM DEFAULT
SQIL DATA BASE USING SQIL TEXTURE #10 WITH A
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FAIR STAND OF GRASS, A SURFACE SLOPE OF

AND A SLOPE LENGTH OF 300. FEET

SCS RUNGOFF CURVE NUMBER 85.00
FRACTION OF AREA ALLOWING RUNOFF = 100.0
AREA PROJECTED ON HORIZONTAL PLANE = 1.000
EVAPORATIVE ZONE DEPTH = 22.0
INITIAL WATER IN EVAPORATIVE ZONE = 7.722
UPPER LIMIT OF EVAPORATIVE STORAGE = B.756
LCWER LIMIT OF EVAPORATIVE STORAGE = 2.992
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 58.764
TOTAL INITIAL WATER = 58.764
TOTAL SUBSURFACE INFLOW = 0.00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

RICHMOND VIRGINIA

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GRCWING SEASON (JULIAN DATE)
END OF GROWING SEASCN {JULIAN DATE)
EVAPCRATIVE ZONE DEPTH

AVERAGE ANNURL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ZND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

= 38
= 2

22

1

I
-~

68
68
77

[l

1.%

PERCENT
ACRES
INCHES
INCHES
INCRES
INCHES
INCHES
INCHES
INCHES
INCHES/YEARR

.08 DEGREES
.00

91

306

.0 INCHES
.60 MPH

00 %

.00 %
.00 %
.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR NORFOLK

NORMAL MEAN MONTHLY PRECIPITATION

JAN/JUL FEB/AUG MAR/SEP APR/CCT
3.06 2.74 3.85 3.11
4.48 3.50 3.46 3.08

VIRGINIA
(INCHES)
MAY /NOV JUN/DEC
Taor 30
2.89 3.30

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR NCREOLK

VIRGINIA

NCORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT

MAY /NOV JUN/DEC
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82.00 81.60 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND STATION LATITUDE = 38.08 DEGREES

*********i*t*****t*****i*****i****t**********i*tJr*i*********************'ﬁ-*****i—

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV  JUN/DEC

TOTALS 2.76 2.53 4.29 2.67 3.54 . 3.50
4,97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.06 1.55 1.25 1.55 ' 1.g4
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFF
TOTALS 0.512 0.188 0.647 0.086 0.173 0.084
0.230 0.171 0.287 0.073 0.154 0.539
STD. DEVIATIONS 1.004 0.355 1.109 0.219 0.405 0.141
0.419 0.227 0.377 0.129 0.345 0.961
EVAPOTRANSPIRATION
TOTALS 1.246 1.591 3.060 3.169 3.595 4.070
4.048 3.986 2.746 1.476 1.253 1.032
STD. DEVIATIONS 0.200 0.295 0.271 0.869 0.879 1.756

1.428 1.303 1.034 0.446 0.285 0.192

LATERAL DRAINAGE COLLECTED FROM LAYER 2

TOTALS 0.6555 0.6397 C.7040 0.6789 0.6402 0.4243
0.1224 0.1131 0.1386 0.2863 0.3902 0.5563
STD. DEVIATIONS .0825 0.0328 0.1521 0.2392

o Ne
—
[¥e)
A
(9
o
o
[yl
i
\0
o

.1785 0.2088 0.2315 0.2947 0.2851 0.2233

__._--_...____-._...--.-.__..____.___..____....__.

TOTALS 0.1689 C.1528 0.1808 .1263 0.0711 .0241
: -0152 0.0258 0.0520 9.1039

o
o

<
[
o
~J
~J
<
o
=
Y
(o]
o
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STD. DEVIATICNS 0.1012 0.0750 0.0735 0.0609 0.0483 0.0352
0.0155 0.0084 0.0343 0.03%9 0.0637 0.0811

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.0629 0.0441 0.0488 0.0490 0.0478 0.0507
0.1039 0.1361 © 0.1263 0.1045 0.08138 0.0737

STD. DEVIATIONS 0.0571 0.0410 0.0329 0.0280 0.0304 0.0438
0.0809 0.0941 0.0993 0.0891 0.0755 0.0616

AVERAGES 13.1057 13.0093 14.0358 10.0669 5,3656 1.7226
0.4213 0.2631 1.1298 1.8916 4.0613 7.9797

L
N

STD. DEVIATIONS 7.9836 6.5388 5.8099 4.8702 .8164 .B754
1.2003 0.6014 2.7517 3.0956 5.1544 7.187%8

Tt de de ko deode gk gkl ek ek dr ok ok g dr b bk ok b e de e e b Ak e de e e de e v e ke e e e ek Je e e e e b ke e e b e e e e e o e e e e e e

LR R EEEEE R SRS REREEE R SRR RS R ERES ARl ERR R ER R R RENERERERERE R ERSEERE RS RERREEREERENESEESRES]

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30
INCHES CU. FEET PERCENT
PRECIPITATION 41.12 { 5.848) 149272.9 100.00
RUNOFF 3.144 ( 2.3188) 11411.60 7.645
EVAPOTRANSPIRATION 31.672 ( 3.6188) 114565.97 77.020
LATERAL DRAINAGE COLLECTED 5.34939 ( 0.86343) 19418.281 13.00858
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.93297 ( 0.32989) 3386.691 2.26879
LAYER 3
AVERAGE HEAD ON TOP 6.088 2.222)
OF LAYER 3
PERCOLATION/LEAKAGE THROUGH 0.92983 ( 0.36230) 3375.283 2.286115
LAYER 4
CHANGE IN WATER STORAGE 0.027 { 2.0813) ‘ 97.74 0.065

LA R RS AR AR RS EEEREEE LR EE SRS EEEE A SR EEREEE SR AR E R E R EEEE R R EE R EEEER RN
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PEAK DAILY VALUES FCR YEARS 1 THROUGH 30

{INCHES) (CU. FT.)

PRECIPITATION --;jaé_——_ -'Izélaj;;;‘—
RUNOFF 2.018 7324.7417
DRAINAGE COLLECTED FROM LAYER 2 0.02499 890.702%7
PERCOLATICN/LEAKAGE THROUGH LAYER 3 0.009%80 36.22732
AVERAGE HEAD ON TOP OF LAYER 3 24.200
MAXIMUM HEAD ON TOP OF LAYER 3 29.438
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN} 216.4 FEET
PERCOQLATION/LEAKAGE THROUGH LAYER 4 0.011611 42.14651
SNOW WATER 3.00 10891.1436
MAXIMUM VEG. SOIL WATER {(VOL/VOL) Q.3980
MINIMUM VEG. SCIL WATER (VOL/VOL) 0.1360

***  Maximum heads are computed using McEnroe's equations. ***
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmental Engineering
Vel. 119, No. 2, March 1993, pp. 262~270.

**‘t**t**iittii*i***t***************************t******i*t*t***********i**i**&

AR SR EEEEE RS RS S N E SRR REREEREEEEE RIEEEEEEEE B R R R R 3 R R R U T A S u I RV S R R G

FINAL WATER STORAGE AT END OF YEAR 30

LAYER {INCHES) {(VOL/VOL)
1 9.2314 0.3846
2 0.1760 0.8500
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3 0.1875 0.7500
4 49.9830 ) 0.2450

SNOW WATER 0.000

R R R R R e R R RN EE R R E R R E N R E R R E R R R RS EEEEREEEXR]
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o x LA

** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE * o
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 199%7) **
il DEVELOPED BY ENVIRCNMENTAL LABORATORY * >
** USAE WATERWAYS EXPERIMENT STATION **
* FOR USEPA RISK REDUCTION ENGINEERING LABORATORY >k

L L

* ¥ L
(A AR SR EERAESEESESS SR RERERER SRRt RS RS RRRRSELR SRRl RREEREERARERRESSlSERREES X

AR R EREEESEEEEE RS RS EER R EEEE R RS E R R R EREREREREEEEERESEREEEREREREEEERREREERRERERSEESE)

PRECIPITATICN DATA FILE: C:\HELP3\montross.D4

TEMPERATURE DATA FILE: C:\HELP3\montross.D7

SOLAR RADIATION DATA FILE: C:\HELP3\montross.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\montross.Dll1
SOIL AND DESIGN DATA FILE: C:\HELP3\gclso0il.D1l0

QUTPUT DATA FILE: C:\HELP3\gclsoil.OUT

TIME: 10:37 DATE: 1/19/2001

AR A AR RS RREEASEEREEEER R AR ERE RS S R R R SRR RRRER R ERERREEREREEREEEEEEEREEREEXEEERSIRI

TITLE: Alternative B - GCL/12" sand/24" soil

R A E RS SRR EE R R E R R S R R R R R R R R R R R SRR EEEEEEREREEREEEE R YRR EEE

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS = 24.00 INCHES

PCROSITY = 0.3980 VOL/VOL
FIELD CAPACITY = 0.2440 VOL/VOL
WILTING POINT = 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3265 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.11999%99700C0E-C3 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF QOF EVAPORATIVE ZONE.
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LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER )

THICKNESS = 12.00 INCHES
BOROSITY = 0.4370 VOL/VOL
FIELD CAPACITY = 0.105C VOL/VOL

0.0470 VOL/VOL
0.4370 VOL/VOL
0.170000002Q000E~Q2 CM/SEC

It

WILTING POINT
INITIAL SCIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

SLOPE = 1.00 PERCENT
DRAINAGE LENGTH = 5C00.0 FEET
LAYER 3
TYPE 3 - BARRIER SOIL LINER
' MATERIAL TEXTURE NUMBER 17
THICKNESS = 0.25 INCHES
POROSITY = 0.7500 VOL/VOL
FIELD CAPACITY = 0.7470C VOL/VOL
WILTING POINT = 0.4000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.300000003000E~08 CM/SEC
LAYER 4
TYPE 1 - VERTICAL PERCCLATION LAYER
MATERIAL TEXTURE NUMBER 10
THICKNESS = 204.00 INCHES
POROSITY = 0.3980 VOL/VOL
FIELD CAPACITY = 0.2440 VOL/VOL

WILTING POINT ¢.1360 VOL/VOL
INITIAL SOIL WATER CONTENT C¢.2449 VOL/VGOL
EFFECTIVE SAT. HYD. COND. = 0.118999997000E-03 CM/SEC

W

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

e e e e et e o oy v b e i ey = —

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
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FATIR STAND OF GRASS, A SURFACE SLOPE OF 1.%
AND A SLOPE LENGTH OF 500. FEET.

SCS RUNGEFF CURVE NUMBER = 85.00

FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PRCJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 22.0 INCHES

INITIAL WATER IN EVAPCRATIVE ZONE 7.040 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 8.756 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.992 INCHES
INITIAL SNOW WATER 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS 63.224 INCHES
TOTAL INITIAL WATER 63.224 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

I

[

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

RICHMOND VIRGINIA
STATION LATITUDE = 3B.08 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 91
END OF GROWING SEASON (JULIAN DATE) = 306
EVAPORATIVE ZONE DEPTH = 22.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 68.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 77.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 73.00 %

NOTE: PRECIPITATICN DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

-»

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.06 2.74 3.85 3.11 4.07 3.490
4.48 3.50 3.46 3.08 2.89 3.3

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
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g2.00 81.60 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICLENTS FOR NORFQLK VIRGINIA
AND STATION LATITUDE = 38.08 DEGREES

P R I SR I R E R R FEEFA R EE RS R RS R R R R R AR AR NS RN R R R E R R R R R ERE R RS EEEEEEEEEE R

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

PRECIPITATION
TOTALS 2.76 2.53 4,29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.06 1.55 1.25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFF
TOTALS 0.784 0.336 1.029 0.139 0.22¢ 0.100
0.244 0.173 0.288 0.075 0.19e 0.770Q
STD. DEVIATIONS 1.297 0.427 1.387 0.323 Q.535 0.169
0.480 0.232 0.37¢ 0.131 - ¢.510 1.195
EVAPOTRANSPIRATION
TOTALS 1,241 1.589 3.052 3.164 4.015 4.977
4.228 4,027 2.728 1.429 1.237 1.024
STD. DEVIATIONS 0.193" 0.295 0.265 0.867 0.85¢C 1.418

1.476 1.326 1.012 0.414 0.256 0.185

LATERAL DRAINAGE COLLECTED FROM LAYER 2

e L e b e p e v = —— —

TOTALS 0.0917 ¢.0847 0.094% 0.0843 0.0815 0.0734
0.0727 0.0705 0.0671 0.0697 D.0715 0.0824

STD. DEVIATICNS - 0.0145 ¢.0097 0.0083 0.0053 0.0032 0.0037
0.0027 0.0024 0.0048 0.0068 0.0102 0.0135

TOTALS 0.3498 0.3285 0.3800 L3249 0.2925 .2147
0.1740 0.1614 0.1608 0.1784 0.2110 0.2791

(=)
(=]
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(o

STD. DEVIATIONS 0.1038 0.0734 .0542 .0381 c.0282 0.0392
0.0316 0.0252 0.0419 0.0561 0.0793 0.1008

<

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.2195 0.1365 0.1414 0.1361 0.19355 0.2445
0.3087 0.3488 0.3356 0.3254 0.2934 0.2669

STD. DEVIATIONS 0.0977 0.0695 0.0657 0.0608 0.0839 0.0913
0.0934 0.0772 0.0619 0.0551 0.0548 ° 0.0614

AVERAGES 27.3945 28.2566 29.7841 26.2816 22.8681 17.2842
13.4982 12.5028 12.8843 13.B472 16.9786 21.8051

STD. DEVIATIONS 8.2012 6.3715 4.2759 3.l108 2.2325 3.2052
2.4944 1.9917 3.4179 4.4348 6.4766 7.9650

AR S SRR RS SRS RS ERER R SRS S RSl ERERERRERERERREREREERERRERRERERRERRRRERRRRRR R RRREREXESEEXRSE.

LERE R AR RS EEAERES RS RESRE SRS REREERE SRS EREERSEEEEESEENFEREREEREREREREEREERSEEESEEREESRESE LN

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30
INCHES CU. FEET PERCENT
PRECIPITATION 41.12 { 5.848) 148272.9 100.00
RUNCFF 4.360 { 2.8329) 15828.32 10.604
EVAPOTRANSPIRATION 32.711 { 3.5433) 118742.5¢6 79.547
LATERAL DRAINAGE COLLECTED 0.94458 ( 0.04487) 3428.835 2.29703
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 3.05507 ( 0.34720} 11089.890 7.42927
LAYER 3
AVERAGE HEAD ON TOP 20.282 2.350)
OF LAYER 3
PERCOLATION/LEAKAGE THROUGH 2.95223 ( 0.54434) 10716.582 7.17919
LAYER 4
CHANGE IN WATER STORAGE 0.153 { 2.1563) 556.55 0.373

. f
LA R R A SRS EE SRR R R R R R R E R EEE R E RS R R R R EE R E R RN R R R R R e e R EE R
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 30

e . = = et A . . - o e o — oy

(INCHES) {CU. FT.)
PRECIPITATION "“ZTBQ‘-" h—;;;IB?;;;-—
RUNQFF 2.143 7778.7461
DRAINAGE COLLECTED FROM LAYER 2 0.00351 12.74444
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.014797 53.71141
RVERAGE HEAD ON TOP OF LAYER 3 36.000
MAXIMUM HEAD ON TOP OF LAYER 3 42,553
LOCATION OF MAXIMUM HEAD IN LAYER 2

{DISTANCE FROM DRAIN) 252.7 FEET
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.015881 57.64806
SNOW WATER 3.00 10891.1436
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3980
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360
-

**+  Maximum heads are computed using McEnroe's eguations.
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M, McEnrce, University of Kansas

ASCE Journal of Environmental Engineering
Vol. 113, No. 2, March 1993, pp. 262-270.

(2R EF R L R R R R R R R R R R R R R R R R R 2 R g e R g T L L E L L L R yraearign
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FINAL WATER STORAGE AT END OF YEAR 30

LAYER {INCHES) {VOL/VOL)
1 9.3505 0.389%8
2 5.2440 0.4370
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3 0.1875 0.7500
4 53.0415 0.2600

SNOW WATER 0.000
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 ({1 NOVEMBER 19587)
DEVELOPED BY ENVIRCNMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
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P R R R R R E R E R R R AR R R R R R R R R R SRR EREEERE R
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PRECIPITATION DATA FILE: C:\HELP3\montross.

TEMPERATURE DATA FILE: C:\HELP3\montross
SCLAR RADIATION DATA FILE: C:\HELP3\montross

EVAPCTRANSPIRATION DATA: C:\HELP3\montross.

' SOIL AND DESIGN DATA FILE: C:\HELP3\hdpesoil

OUTPUT DATA FILE:

TIME:

C:\HELP3\hdpesoil

10:48 DATE: 171572001

D4
.D7
.D13
D11
.Db10
.ooT

e ke o de e A e e de e ok g g e T o e de e R ke db e e e e e v b ok e e e de e e e ke e R e v e e e e e ke b e e e e e W ke o e e W ok e e e e e ke ke e ke ok o e

TITLE:

Alternative C - HDPE/12"of sand/24" soil

LE R R E R ERZEEREE RS ERREREERE R RS ERRLERSRESER SRR EEE SRR RRREEERElRREERRRREEREERSESEYS

NOTE:

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

CCMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS ' = 24.00 INCHES
POROSITY 0.3980 VOL/VOL

FIELD CAPACITY = 0.2440 VOL/VOL
WILTING POINT = ¢.1360 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3505 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.119999997000E-03 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
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LAYER

2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 4

THICKNESS =
POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

]

[

ft

12.00 INCHES
0.4370 VOL/VOL
0.1050 VOL/VOL
0.0470 VOL/VOL
0.4370 VOL/VOL

0.170000002000E-02
1.00 PERCENT
500.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DEMSITY

FML INSTALLATICN DEFECTS
FML PLACEMENT QUALITY

[

0

0.06 INCHES
0.0000 VCL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.199939996000E-12

CM/SEC

CM/SEC

1.Q0 HOLES/ACRE
1.00 HOLES/ACRE

3 - GOOD

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS =
POROSITY =
FIELD CAPACITY

WILTING PQINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

i

[l

204,00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOQL
0.1360 VOL/VQL
0.2440 VOL/VOL

0.119999997000E-03

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

CM/SEC

AR30 154D



NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FRCM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF

AND A SLOPE LENGTH QF 500. FEET

SCS RUNOFF CURVE NUMBER = 85.00
FRACTION OF AREA ALLOWING RUNOFF = 100.0C

AREA PROJECTED ON HORIZONTAL PLANE 1.000
EVAPORATIVE ZONE DEPTH = 22.0

INITIAL WATER IN EVAPORATIVE ZONE = - 7.615
UPPER LIMIT OF EVAPORATIVE STORAGE = B.756
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.992
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 63.430
TOTAL INITIAL WATER ™ 63.430
TOTAL SUBSURFACE INFLOW = 0.00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

RICHMOND - VIRGINIA

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 15T QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

38
2

22

7.
68.
= 68.
7.
= 73.

1.%

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.08 DEGREES
.00

91

306

.0 INCRHES
60 MPH

00 %

00 %
00 %
o %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR NORFOLK

NORMAL MEAN MONTHLY PRECIPITATIO
JAN/JUL FEB/AUG MAR/SEP APR/OCT
3.06 2.74 3.85 3.11
4.48 3.50 3.46 3.08

N

VIRGINIA
{INCHES)
MAY /NOV JUN/DEC
407 340
2.89 3.30

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR NORFOLK

VIRGINIA

' NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

AR3015Lb



JAN/JUL FER/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC

37.30 40.60 50.10 60.80 70.20 78.50
82.00 81.60 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND STATION LATITUDE = 38.08 DEGREES

'EEREEER PR RN EEEEE AR E R R R RS RS R ERR RS RARRRRSRFEEERRRE RS R R RERRERSRRREEERERSEER SN

AVERAGE MONTHLY VALUES IN INCHES FQOR YEARS 1 THROUGH 30

___________________________________________________________ kA e = —

JAN/JUL. FEB/AUG MAR/SEP APR/OCT MAY/NQOV JUN/DEC

PRECIPITATION
TOTALS 2.76 2.53 4.29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1,57 1.06 1,55 1,25 1.55 1.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFF
TOTALS 1.125 0.607 1.306 0.209 0.304 0.122

0.272 0.174 0.290 0.086 0.314 1.129

STD. DEVIATIONS 1.458 0.666 1.500 0.440 0.638 0.209
0.603 0.234 0.375 0.149 G.725 1.432

EVAPOTRANSPIRATION
TOTALS 1.237 1.586 3.049 3.146 3.989 5.544
4.434 4.077 2.722 1.407 1.222 1.015
STD. DEVIATIONS 0.193 G.295 .265 0.848 0.879 1.112

o O

1.512 1.360 . 990 0.364 0.245 0.186

LATERAL DRAINAGE COLLECTED FROM LAYER 2

e e = o

TOTALS 0.0967 0.0888 .0993 0.0884 .0860 0.0759
0.0736 0.0728 0.0712 0.0751 0.0778 0.0886

[
[

o
(]

STD. DEVIATIONS 0.0123 0.0083 .0053 0.0040 .0029 0.0041
0.0032 0.0017 0.0038 0.0060 0.0101 0.0120

AR3015L7



TOTALS 0.08053 C.0748 0.40851 0.0742 0.0702 0.0653cC
0.0420 0.0396 0.0398 0.0457 0.0540 0.0691

o

STD. DEVIATIONS 0.0171 0.0112 0.0060 0.0046 .0038 0.0073
- 0.0069 0.0050 0.005%0 0.0126 0.0175 d.olso0

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.0783 0.0746 0.0854 0.0754 06.0707 0.0531
0.0418 0.0398 0.0397 0.0456 0.0542 0.0684

STD. DEVIATIONS 0.0161 0.0111 0.6057 0.0056 0.0040 ¢.0076
G.0073 0.0048 0.0030 0.0127 0.0175 c.0171

e e e e e R e e

AVERAGES 30.0918 30.7753 31.9499 28.6094 26.0316 19.8472
14.6626 13.7136 14.3361 16.1621 20.2440 25.5537

STD. DEVIATIONS 6.8228 4.8919 2.3923 1.8676 1.4157 3.2857
2.7950 2.0074 3.7441 5.0836 7.2356 7.1776

LA AR A R R R SRR SEEAEEREEEEE R R R R AR RS R R R A RRAERREEELRERERER RS R R RS EEREREREEEERE R

A A RS S EERE SRR R EERERRERERERERENFEEEFEEEEEEEERRERERREREEREREEEEEEEREREEEREEREREESEEIEXZISEY

BVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30
INCHES CU. FEET PERCENT
PRECIPITATION 41.12 { 5.848} 149272.9 100.00
RUNCFFE . 5.938 ( 3.1928) 21554.61 14.4490
EVAPOTRANSPIRATION 33.428 { 3.4874) 121345.21 81.291
LATERAL DRAINAGE COLLECTED 0.99430 ( 0.03593) 3609.306 2.41792
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.72808 ( 0.05858) 2642.942 1.77054
LAYER 3
AVERAGE HEAD ON TOP 22.665 | 2.008)
OF LAYER 3
PERCOLATICN/LEAKAGE THROUGH ¢.7279% ( 0.05873) - 2642.5592 1.77031
LAYER ¢
CHANGE IN WATER STORAGE 0.033 { 1.6455) 121.14 0.081

AR30154L8
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LR R AR A R R R R A AL R EEEREEEEEEEEEERAZAL AR ESERERAE SRS EREESEREREERERERZEERZSESEEE 53 BE I,

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30
N e A T
PRECIPITATION —‘;ngﬁ—“— ——I;;EBT;;;_‘
RUNCFF 2.193 7960.6152
DRAINAGE COLLECfED FROM LAYER 2 0.00351 12.74444
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.003078 11.17387

AVERAGE HEAD ON TOP OF LAYER 3 36.0060
MAXIMUM HEAD CON TOP QOF LAYER 3 42.553
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) . 252.7 FEET
PERCCLATION/LEAKAGE THROUGH LAYER 4 0.003809 13.82776
SNOW WATER 3.00 108591.1436
MRXIMUM VEG. SOIL WATER (VOL/VOL) G.3980
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360

*** Maximum heads are computed using McEnroe's equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnrce, University of Kansas

ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270,

AR RS RS R R AL R R R R AR ERE R ER AR EEE R R R R R R R R g g e o r G T

LA AR AR ES AR ERER R R R R R EREE R R R R R R R R R E LR R R R L R L L i S

FINAL WATER STORAGE AT END OF YEAR 30

AR30 1549



1 9.4093 0.3921

2 5.2440 0.4370

3 0.0000 0.0000

4 49.7776 0.2440
SNCW WATER ¢.000

(A AR R R EREESEEREESEEEEE SRR RS RS RERS SRRl RSt R Rt Rl lE R RS RREREREEREREEEES]

AR S SR RS RS EERR R AR EL R R RSEREERERERRERRERREERRRARER AR R ERERR SRR RS EEREREREREIRIERERIEX]
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A A S E R ER SRR RS EREE R EEFERAAAS IR ERE R RS R R R R R NREEREREREEEE R R R R R R R R R R ERE R R EEE

* * ¥

ok * w

*ox HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x

** HELP MODEL VERSION 3.07 {1 NOVEMBER 1997) >k
* DEVELOPED BY ENVIRONMENTAL LABORATORY i
* USAE WATERWAYS EXPERIMENT STATION *x
*A FOR USEPA RISK REDUCTION ENGINEERING LABORATORY * o

* W ¥« ok

* & * A
LA RS E A ER AR EE R RS R EREZERRE SRR R AR R R R R A R L R E R RS R R R R R R R R EEEEEEEEE X RN

LA R EE R EREREEAEEREEREZ SRR R R R RREREREER R RRE RS E EREREEEREREREREEERESESERZE'EEIEIEER B ERBIEPY

:\HELP3\montross.D4
:\HELP3\montross.D7
:\HELP3\montross.D13
:\HELP3\montross.pbl1l
:\HELP3\hdpenet.D10Q
:\HELP3\hdpenet .OUT

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

OO0 an

TIME: 10:49 DATE: 1/198/2001

LA A E AR R RS EE R R RS S R R R R R R R R R R R R RS R R R R R R R

TITLE: Alternative D - HDPE/Drainage Net/24" soil

LEE SR AR SEEESSSRZEREREER RS ERRER R EREREEERRE RN AR RRR R R R YRR RENE R R FEEE R

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM,

TYPE 1 -~ VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS = 24.00 INCHES
POROSITY = 0.3980 VOL/VOL

FIELD CAPACITY = 3.2440 VOL/VOL
WILTING POINT = 0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3626 VOL/VOL
EFFECTIVE SAT. HYD. COND. = (.119999997000E-03 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE Z0ONE.

AR301551



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER g

THICKNESS =
POROSITY

FIELD CAPACITY
WILTING POQINT =
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

#

i

[l

0.20 INCHES

0.8500 VOL/VOL

0.0100 VOL/VOL

0.0050 VOL/VOL

0.8500 VOL/VOL
1.00000000000 CM/SEC

1.00 PERCENT
500.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER

THICKNESS =
POROSITY =
FIELD CAPACITY

WILTING POINT

INITIAL SCIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY =
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

It

MATERIAL TEXTURE NUMBER 35

0.06 INCHES
0.C000 VOL/VQL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.199999386000E-12 CM/SEC
1.00 HOLES/ACRE
1.00 HOLES/ACRE
3 - GOOD

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS =
POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

oo

204.00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL
0.1360 VOL/VOL
0.2440 VOL/VOL
0.11999939%70C0E-03 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

AR301552



NOTE: SCS RUNCFF CURVE NUMBER WAS COMPUTED

FAIR STAND OF GRASS, A SURFACE SLOPE OF

AND A SLOPE LENGTH OF 500. FEET.

FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #10 WITH A

SCS RUNCFF CURVE NUMBER 85.00
FRACTION OF AREA ALLOWING RUNOFF = 100.0
AREA PROJECTED ON HORIZONTAL PLANE = 1.000
EVAPORATIVE ZCNE DEPTH 22.0C
INITIAL WATER IN EVAPORATIVE ZCNE = 7.907
UPFER LIMIT OF EVAPORATIVE STORAGE = 8.756
LOWER LIMIT OF EVAPCORATIVE STORAGE = 2.992
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS 58.648
TOTAL INITIAL WATER = 58.648
TOTAL SUBSURFACE INFLOW .00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FRGM

RICHMOND VIRGINIA

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON {JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 15T QUARTER RELATIVE HUMIDITY
AVERAGE 2Z2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

1

. %

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

38.08

oan o

Il
~3

77

3

22.

2.00

91
06

.60
.00
.00
.0C
.00

DEGREES

INCHES
MPH
%

of of of

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR NORFOLK

NORMAL MEAN MONTHLY PRECIPITATION

JAN/JUL FEB/AUG MAR/SEP APR/OCT
3.06 2.74 3.85 3.11
4.48 3.50 3.46 3.08

VIRGINIA
{INCHES)
MAY /NOV JUN/DEC
407 3.0
2.89 3.30

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
VIRGINIA

COEFFICIENTS FOR NORFOLK

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
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JAN/JUL FEB/AUG MAR/SEF APR/QCT MAY /NOV JUN/DEC

37.30 40.60 50.10 €0.80 70.20 78.50
g2.00 81.60 72.50 62.30 51.40 41.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NORFOLK VIRGINIA
AND STATION LATITUDE = 38.08 DEGREES '

IR N R R R N R R S R R R RS R R RS R R RS R RS RS E R R R EEEEREEERSERNERENEERESEREENEE

AVERAGE MCONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 2.76 2.53 4.29 2.67 3.54 3.50
4.97 4.38 3.75 2.45 2.72 3.58
STD. DEVIATIONS 1.57 1.06 1.55 1.25 1.55 l.84
2.21 1.80 2.09 1.34 1.51 1.67
RUNOFFE
TOTALS 0.588 d.217 0.764 0.102 0.187 0.087
0.231 0.171 0.287 0.074 0.162 0.608

.093 0.382 1.232 .24¢9 0.449 0.147
0.423 0.227 0.377  0.129 0.379 1.048

[
o]

STD. DBEVIATIONS

EVAPOTRANSPIRATION
TOTALS 1.245 1.590 3.059 3.1¢68 3.982 4.231
4.084 3.990 2.742 1.465 1.248 1.030
STD. DEVIATICNS C.198 0.295 0.270 0.868 0.880 1.717

1.432 1.309 1.034 0.440 0.282 0.191

LATERAL DRAINAGE COLLECTED FROM LAYER 2

TOTALS 0.6613 0.6441 0.7112 0.6880 0.6715 0.5048
0.1592 0.1187 0.1423 0.2900 0.4015 0.5644

o

STD. DEVIATIONS 0.1921 0.0355 0.0758 L0179 0.1130 0.2135
0.1982 0.2142 0.2323 0.2951 0.2838 0.2221

AR30 155k



.0212 0.0081
.0130 0.0248

TOTALS 0.0388 0.0363 . 0434 0.0325
0.0018 0.0012 0.0036 0.0067

Q
< O

[

STD. DEVIATIONS 0.0214 0.0157 .0148 .0122 0.6106 0.0090
0.0045 0.0026 0.0082 0.0101 0.0148 0.0202

o

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.0386 0.0362 0.0433 ¢.0325 0.0215 0.0088
0.001¢% 0.0013 0.0033 0.00867 0.0130 0.0242

STD. DEVIATIONS 0.0217 0.0159 0.0149 0.0123 0.0102 0.0092
0.0045 0.0028 0.0074 0.0100 0.0145 0.0205

AVERAGES 13.7456 14.0333 15.3679 11.4263 6.7040 2.4098
C.s5067 0.2953 1.1660 2.0435 4.3807 8.5166

w

STD. DEVIATIONS 8.0985 6.6239 5.7312 4.8287 .8240 3.2009
1.4269 0.6809 2.8361 3.3178 5.3826 7.4726

(AR ER SRR RS SRS SRS AR N SR RN R RS R R AR R R EREEREER R R AR R R R R AR R LR TR RS

(R R EESEEE RS LRSS R R R R R RN ERERE SRR R RS RS R R R RERE SR R R EEXEEREEEREEREESSEEEEESEIEEREEES]

AVERAGE ANNUAL TOTALS & {STD. DEVIATIONS) FOR YEARS 1 THROUGH 30
INCHES CU. FEET PERCENT
PRECIPITATION 41.12 { 5.848) 149272.9 100.00
RUNOEF 3.480 { 2.5640) 12630.74 8.462
EVAPOTRANSPIRATION 31.834 { 3.6415} 115557.98 77.414
LATERAL DRAINAGE COLLECTED 5.55705 ( 0.84126) 20172.076 13.51356
FRCM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.23136 ( 0.0727T) 839.825 0.36261
LAYER 3
AVERAGE HEAD ON TOP 6.716 { 2.296)
OF LAYER 3
FERCOLATION/LEAKAGE THROUGH 0.23137 ( 0.07283) 839.873 0.56264
LAYER 4 |
CHANGE IN WATER STORAGE 0.020 ( 2.0395} 72.17 G.048
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*i**ﬁ*t******&*****ii*i******i'itirt***i’*i:****ir********ti****ii********ti*****#**

PERK DAILY VALUES FOR YEARS 1 THROUGH 30

(INCHES) (CUO. FT.)

PRECIPITATION d—;jag—“-- —_Elglafgggh-
RUNOFF 2.059 7473.3203
DRAINAGE COLLECTED FROM LAYER 2 - 0.02499 90.7029%7
PERCOLATION/LEARKAGE THROUGH LAYER 3 0.002116 7.67988
AVERAGE HEAD ON TOP OF LAYER 3 24.200 ‘
MAXIMUM HEAD ON TQP OF LAYER 3 29.439

LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN}) 216.4 FEET

PERCOLATION/LEAKAGE THROUGH LAYER 4 0.003624 13.15462
SNOW WATER 3.00 10891.1436
MAXTIMUM VEG. SOIL WATER (VOL/VOL) 0.3980
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1360

*** Maximum heads are computed using McEnroe's equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M., McEnrce, University of Kansas
ASCE Journal of Envircnmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.

AR A A EASESEEESRRREEE SRR ERREREREEERERESEEENEREE R I I IR I AR R A U o T TR

LRGSR RAE LSRR LRSS ELEEERRREREEEERERSEERREE R E X R R TR R R R R R I I S N S S U SN OR S T U SR G

FINAL WATER STORAGE AT END OF YEAR 30



1 2.29%¢ 0.3875

2 0.1700 0.850¢C

3 0.0000 0.0000

4 49.7745 0.2440
SNOW WATER 0.000

IR EEE R R AL EES R SRR RS R R R R R E R E L LR R R R R R R EE R EEEEEEEEREEEEREE RS R IRy

LE RS SRR S SRS R SRR R REE R EE R E R R R R R R R RN R R R R E R EEEEE R EEEREREEESEEEREESEESES
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