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1.0 INTRODUCTION

1.1 Background and Purpose

The Norcal Waste Systems Hay Road Landfill (NWSHRL) is a disposal and recycling facility owned
and operated by Norcal Waste Systems Hay Road Landfill, Inc. (NWSHRLI), a wholly-owned
subsidiary of Norcal Waste Systems, Inc. The facility is located at 6246 Hay Road, approximately
12 miles south of Dixon, California in Solano County, California (Figure 1). NWSHRL operates
under Solid Waste Facilities Permit 48-AA-0002 and Waste Discharge Requirements (WDRs) Order

'No. R5-2003-0118.

The primary purpose of this Preliminary Closure and Postclosure Maintenance Plan (PCPMP) is to
provide a reasonable estimate of the maximum expected cost that would be incurred at any time
during the Unit’s projected life for a third party both to close and carry out the first 30-years of
postclosure maintenance (Title 27 of the California Code of Regulations (CCR), §217 69[b][1]). The
PCPMP provides a basis for the operator to establish a preliminary estimate of closure costs certified
for accuracy by a registered civil engineer or certified engineering geologist, and enables the
California Integrated Waste Management Board (CIWMB) to assess the reasonableness of the cost-
estimate for non-water quality aspects of closure (§21790[a}).

This PCPMP updates and supercedes the previous PCPMP dated June 2002 subrrﬁtted to satisfy
Section J, Provision 9 of WDR 5-01-101. In comparison to the 2002 PCPMP, modifications
contained in this document include:

e Revised closure cover grading plan;

e Updated closure and postclosure cost estimates and capacity and site life
estimates based on the current cover grading plan; and

e Updated slope, stability, surface water drainage plan and postclosure cover
settlement calculations.

This PCPMP is included by reference as revised Appendix T of the existing Joint Technical
Document (JTD) for the site entitled “Joint Technical Document, Norcal Waste Systems Hay Road
Landfill, Solano County, California.” This PCPMP is not prepared as a stand-alone document and,
therefore, refers to specific sections of the JTD for further detail as necessary.

1.2 Title 27 Cross-Reference

Table 1 provides a cross-reference between specific Title 27 closure/postclosure requirements and
the applicable sections of this PCPMP.

Golder Associates
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TABLE 1
TITLE 27 CROSS-REFERENCE
Title 27 Requirement PCPMP Reference
21090.a.1 Foundation Layer _ p.4 '
21090.a.2 Low-Hydraulic Conduct1v1ty Layer p.5 .
21090.a.3 Erosion Resistant Layer p.6
21090.a.4 Cover Maintenance Plan and Cost Estimate p.24
21090.a.5 Discharge of Liquids to Cover p. 13
21090.a.6 Stability Analysis p. 10
21090.b.1 Prevent Ponding, Erosion, Run-on p. 7
1.21090.b.2 Steeper Slope Portions p. 10~
21090.b.3 Precipitation and Drainage Plan p.13 ¢
21090.c.1 Maintain Structural Integrity p. 24
21090.c.2 Operate Leachate Controls p. 26
21090.c.3 Maintain Monitoring Systems p. 26
21090.c.4 Prevent Erosion p. 25
21090.c.1 Protect and Maintain Survey Monuments p. 25
21090.e.1 Initial Survey Map e P29
21090.e.2 Five-Year Iso-SettlementMap .. . . . p.25 T
21090.e.3 Tracking Differential Settlement oD 28
21110 Time Frames for Closure p. 18
21135 Site Security a p.26
21137 Structure Removal _p.15.
21140 CIWMB - Final Cover p.4
21142 CIWMB - Final Grading p. 6
21145 CIWMB - Slope Stability p. 10
21150 CIWMB - Drainage and Erosion Control p.7
21160 CIWMB - Landfill Gas Control and Leachate Contact p.13°
21170 CIWMB — Recording p. 18
21180 CIWMB - Postclosure Maintenance p. 24
21190 CIWMB - Postclosure Land Use p. 13
21679.b.1 Purpose and Scope p.1
21679.b.2.A Cost Analysis p. 24,26
21679.b.2.B Topographic Maps p.3
21790.a Purpose p. 1
21790.b.1 Closure Cost Estimate p. 24
21790.b.2 Location Maps p.3,Figs 1,2,34& 5
21790.b.4 Map of Current Monitoring Controls Figure 9
21790.b.5 Postclosure Land Use p. 13
21790.b.7 Estimated Closure Date p. 19
21790.b.8 Description of Closure Activities p. 15
21410 _Closure Requirements For Waste Piles p. 29
21420 Closure Requirements For Land Treatment Units p.29
21825 Postclosure Maintenance Plan Contents p. 24
21840 Postclosure Maintenance Cost Estimates p. 26
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2.0 PRELIMINARY CLOSURE PLAN

2.1 Site Description and Maps

The NWSHRL is located at 6426 Hay Road, Vacaville, California approximately 12 miles south of
Dixon (Figure 1). The site is located immediately south of Hay Road and immediately west of
Highway 113. The permitted disposal area measures approximately 260 acres in plan area. In
compliance with all current permits, NWSHRL currently accepts non-hazardous solid waste and
recyclables, high liquid content waste, designated waste, Asbestos Containing Waste and waste
requiring special handling. The State Water Resources Control Board defines non-hazardous solid
waste, designated waste, and inert waste in 27 CCR sections 20210, 20220, and 20230. Section 4.1.1
of the JTD provides a detailed description of the waste types accepted at the landfill.

Figure 2 shows the facility boundaries, the current limits of wastes that have been disposed of to
date, and the permitted 260-acre waste disposal footprint. To date, approximately 125 acres has been
built-out with waste disposal units.

Figure 3 shows the parcel boundaries and the surrounding land use and topography. Excluding the
temporary on-site support facilities (administration trailer, equipment maintenance building, and
scalehouse) there are no buildings or structures within 1,000 feet of the landfill.

The final closure contours are shown in Figure 4 and Drawing 1 (Appendix A). The final cover
design and supporting engineering analyses are presented in Section 2.2. The maximum slope
inclination is 4H:1V (horizontal to vertical); the maximum elevation is 215 feet mean sea level (msl).

Figure 5 shows the pre-existing topographic contours and impacts on surrounding drainage patterns.
The pre-existing drainage was directed to the A-1 Channel, which flowed in a southeasterly direction
through the eastern portion of the site. In 1994, the A-1 channel was relocated along the northern
and eastern boundary of the site as indicated in Figure 5.

All existing landfill modules, excluding DM-1, and all future modules are or will be composite-lined.
Section 5.2 of the JTD describes the containment systems. Section 5.3 of the JTD describes the DM-
1 groundwater extraction system and the leachate collection and removal system for the other landfill
modules. '

2.2 Final Cover Design

A final cover system will be constructed over the waste at NWSHRL as part of the closure activities.
The landfill will employ a Class II landfill cover system as most of the landfill area to be capped will
be Class II. The primary functions of the final cover system are to:

e Isolate the waste from the environment;
e Control odors, vectors and litter;
e Control surface water infiltration into the landfill;

e Control erosion and run-on (if any), and convey run-off to the surface water
management system; and

e Control landfill gas.
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NWSHRL is designed and permitted with an Engineered Alternative Design (EAD) ¢over System,
which is reflected in the WDR Order No. R5-2003-0118. The EAD cover system for the top deck
and side-slopes is illustrated in Figure 6 and consists of the following componerits from top to
bottom: b

"Top-Deck:
* A one-foot thick vegetative soil 1ayer;' ‘
e A ﬁrotéctive IO-bz/yd geotextile cushioﬁ layer;
e A 60-mil HDPE ggomembrahe léyer (textured on both sides);
e A lowfpermeability geosynthetic clay liner (GCL); and"
~® A one-foot thick foundation layer
Side-Slopes:
* A one-foot thick vegetative soil layer;
e A geocomposite drainage layer; N |
@ .. A 60-mil HDPE geomembrane layer (textured on both Qides); and
e A one-foot thick foundation 1ayér. | a B )
The permitted EAD compopeﬁfs for NWSHRL substitute geosynthetic mateﬁals in piac"e;f ofi soil
components, thereby reducing final cover soil construction needs to just:that needed for the
foundation and vegetative layer construction, which are available on-site. Section 2.2.1 presents the
equivalency evaluation for the EAD.

2.2.1 Equivalency Evaluation

In terms of water quality protection, the EAD cover system provides equal or better pérfoﬁnance than
the prescriptive standard. Key technical issues regarding water quality protection and performance
are presented below. :

Foundation Layer
Title 27 CCR §21090 stipulates that not less than two feet of a soil foundation layer shall be

constructed for the final cover, unless it is shown that differential settlement and ultimate land use do
not adversely affect the integrity of the final cover. Postclosure use for the site will remain as non-
irrigated open-space. Therefore, the ultimate land use is not an issue regarding differential

settlement.

For a prescriptive cover design that utilizes a compacted clay layer for a low-permeability hydraulic
barrier layer, differential settlement is an issue of concern. Because clayey soils cannot support any
significant tensile stresses, clay soils tend to crack under tensile strains of 1 to 2 percent or less,
which can create relatively high permeability pathways to the underlying refuse. This concern is
often partially mitigated by providing a minimum two-foot thick foundation layer beneath the clay
layer. A two-foot thick foundation layer also improves the foundation support necessary to achieve

adequate compaction of a low-permeability clay layer.
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For this project, the low-permeability hydraulic barrier layer is provided by geosynthetic materials
(GCL and/or HDPE geomembrane) and drainage is provided by a geocomposite drainage layer.
These geosynthetic materials can tolerate substantially higher strains up to 10 to 20 percent or greater
before yielding. Because these materials can tolerate strains 10 times larger than soil components
without adverse impacts, a two-foot foundation layer thickness required for a clay layer is not
required for geosynthetic materials. Furthermore, modern landfilling techniques focus on achieving
a high degree of compaction to optimize airspace, and large containers are typically diverted from the
landfill that could otherwise collapse and cause large differential settlements. As a result,
differential settlements at the top of the refuse are expected to be relatively small and considerably
less than 3 to 4 percent (Appendix D). Therefore, the foundation layer for the proposed EAD cover
design only needs to be thick enough to provide a clean, firm surface for the geosynthetic materials.
For NWSHRL, a foundation layer of one foot is more than sufficient to achieve this objective.

Due to NWSHRL’s efforts and practices to divert large appliances/containers from the landfill, the
development of large differential settlements resulting from large voids is considered unlikely.
However, a very conservative analysis was completed that considered the potential development of a
void in the underlying wastes (Appendix D). This analysis indicates that the resulting strains (3 to
5%) are well within the limits that can be tolerated by the proposed cover materials in the unlikely
event that a void develops beneath the cover system.

Hydraulic Performance

Title 27 requires an EAD to be consistent with the protection goal of the prescriptive standard and to
provide equivalent protection against water quality impairment. For a cover system, equivalent
protection between systems can be evaluated based on the ability of each system to minimize
infiltration of water into the underlying waste.

A hydraulic equivalency evaluation was performed for the prescriptive standard cover, the 1993
PCPMP EAD cover, and the current EAD cover systems using the USEPA’s Hydrologic Evaluation
of Landfill Performance (HELP) model (v. 3.07). The HELP model is a water balance analysis for
the landfill containment/barrier system that uses site specific climatological data.

Key assumptions and input parameters for the HELP model are summarized below:

e The final cover will be vegetated with erosion resistant and drought resistant
grasses that can thrive under natural precipitation conditions. The cover will not
be irrigated.

e Rainfall data for Sacramento, California spanning 5 years, from 1992 to 1996,
was used;

e Contact between the HDPE geomembrane liner and the underlying foundation
soil was classified as “Good”;

e A geomembrane installation defect frequency of 2 holes per acre was assumed
(within the range for “good installation quality™);

e A manufacturing defect (pinhole) frequency of 0 holes per acre was assumed;

o . The vegetative or erosion resistant layer was modeled as low plasticity, clayey
silt (ML) with a permeability of 1.9x10™ cm/sec;
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¢ The low-permeability soil layer (for the prescriptive standard) was modeled as
low plasticity clay (CL) with a-permeability of 1x107 cm/sec; and - SR

e . The ,yfoulndation layer was mo(ieled as low plasticity’ clayey silt (ML — same
. material for vegetative layer) with a permeability of 1.9x10 cm/sec. - $

The flux thrdiigh the batrier layer was used s the measure for comparison iif hydrap;)lié éqai:};alcncy
between the two systems. The results of the HELP analyses are included in Appendix B and
‘summarized below in Table 2. ‘ R ' .

TABLE2 ~

HYDRAULIC FLUX COMPARISON
| "COVER SYSTEM TOPDECK ) | SIDE;SLOPE
Prescriptive Standard ' ) 0.3_5 gpéd"" N 001 gpad .
| 1993 PCPMP EAD T 035gad | D38gpad
Curront POPMPEAD 0.14 gpad 0.0 gpad

Note: Flux values represent peak daily leakage through the cover.

As indicated in the above table, the current. EAD provides significantly improved infiltration
performance over the previous 1993 EAD cover. system, ,and provides equal or improved
" performance to the prescriptive standard cover system. . Therefore, on the .basis of infiltration
performance, the EAD cover system performance exceeds that provided by the prescriptive standard
requirements of Title 27. o e REL T o B

1222  Final Cover Grading R B L e
) LA E ' ’ - } ‘ : ‘ / B
~=;\V§ Figure 4 and Drawing 1 (Appendix A) show the final cover grades for NWSHRL. Consistent with

7 N . . .
Ry the previgus PCPMP, the final cover grades reach a maximum elevation of 215 feet above mean sea
qQ » « level (msl) and maintain a maximum side-slope inclination of 4H:1V (horizontal to vertical). To
/Qf\e/ VAR facilitate drainage and minimize erosion, 25-foot wide benches are incorporated into the side-slopes a

(\\(\D q}ﬂ maximum of every 50 feet vertically. The top surface will be graded at 5 percent to accommodate
W ot postclosure settlements and maintain positive drainage. '
¢

2.2.3 - Erosion

Final landfill slopes will be inclined no steeper than 4H:1V. Minimum final surface slopes will be 5
percent. As part of the closure activities, the integrity of the final site face will be maintained by the
placement of a vegetative layer to provide erosion control. The slopes will be revegetated with an
application of seed mixes and fertilizers after the final grading is complete. - The cover will be
vegetated with'erosion and drought tesistant grasses that can thrive under normal precipitation
conditions without irrigation. Table 3 provides a revegetation seed mix that will be incorporated in
the Final Closure Plan. When vegetated, these surfaces are not expected to be significantly eroded
by rainfall run off. '
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TABLE 3
PROPOSED FINAL COVER VEGETATION MIX

Annual/ Specific Characteristics

Botanical/Common Name Perennial
Grasses
Vulpia myuros Annual fast growing, excellent drought tolerance,
adapted to all regions, excellent erosion
Zorro Fescue protection
Bromus mollis Annual fast growing, good drought tolerance,
B adapted to all regions, moderate erosion
lando Brome protection
Dactylis glomerata Perennial moderate growing, good drought tolerance,

adapted to many regions, moderate

Orchardgrass erosion protection
Legumes
Trifolium species Perennial fast growing, good drought tolerance,
adapted to some regions, good erosion
Woogenellup Subclover prot2ction g g
Trifolium species Annual fast growing, good drought tolerance,
] adapted to some regions, good erosion
Kondinin Rose Clover protgction 9 g

An erosion analysis was completed for the slopes using the Revised Universal Soil Loss Equation
program, RUSLE Version 1.06 (United States Office of Surface Mining and Reclamation, 1998). The
analysis results indicate an estimated maximum soil loss for the proposed final grades of 1.3 tons per
acre per year. This value is less than the USEPA’s maximum allowable soil loss of 2 tons per acre
per year. The erosion loss analysis is presented in Appendix C.

Revegetation will be completed using hydroseed methods. As is consistent with local construction
practices in Northern California, hydroseed and mulch will be applied in the fall (approximately
September 15" through November 15™) prior to the rainy season. The seeds will germinate naturally
during the rainy season, and therefore, an irrigation system is not warranted.

2.2.4  Settlement

The settlement analyses include the base settlement, the impacts on the LCRS due to base settlement
and the postclosure cover settlement. The calculations are shown in Appendix D.

2.2.4.1 Base Settlement

The placement of additional refuse changes the stresses acting on the foundation soils, which will
result in additional settlement of the soils supporting the liner system. This settlement will tend to
result in flatter drainage grades along the liner system in the future. The analyses presented in this
section evaluate the magnitude of the calculated settlements and the resulting impact on the future
drainage capacity of the LCRS. The results of our calculations show a minimum post-settlement
grade of 0.25 percent, which maintains positive drainage to the existing and proposed perimeter
collection sumps.
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2.24.1.1 Settlement Calculations

Geosyntec (1995) déveloped a représentative subsurface profile for caiéillating settlement of the soils
underlying the NWSHRL. The profile consisted of the following:

® Depth of 0 to 16 feet: Clayey dép'ojsit
® Depth of 16 to 24 feet: Sandy depo‘sit
e “D‘veptlvl of 24 to 85 feet: Ny Clayey depésit
® Depth of 85 to 95 feet: Séndy deposit
 Depth of 95 to 100 feet: Clayey deposit

For the evaluation of the base settlement, we' generally adopted the Geosyntec (1995) silbsurface
profile, but considered an additional 50 feet of subsurface soils as follows:: L

® Depthof 100to 115 feet:  Clayey deposit
~® Depthof 115t0 120 feet*  Sandy deposit
 Depthof 120 to 135 feet ~ Clayey deposit
e Depth of 135 t6 140 feet . Sandy deposit
® Depth of 140 to 150 féet: ‘Clayey deposit
As indicated above, the lower 50 feet of materials contain 20 percent sand.

Based on our review of the consolidation testing by Emcon (1993) and more recent tests completed
by Golder, we used consolidation parameters similar to those selected by Geosyntec.

Settlement calculations included in Appendix D indicate a differential settlement of 5.6 feet between
the sump and the maximum differential stress at a distance of 800 feet from the sump, This results in
a minimum post-settlement grade of 0.25 percent, which maintains positive drainage to the perimeter
collection sumps. Additional information on the geology and hydrogeology of the landfill site is
provided in Appendix C of the JTD. ‘

2.24.12  Settlement Tmpacts on the LCRS

The design of the LCRS consists of high permeability gravel blanket draining a 2 percent grades
toward perforated HDPE collection pipes. The HDPE pipes drain at a one percent grade toward the
. perimeter of the landfill, ' : ' ‘ o

The impact of base settlement is most severe in a direction perpendicular to the refuse slopes, which
is in a direction parallel to the LCRS collection pipes. The settlement calculations indicate a post-
~ settlement grade of approximately 0.25 percent along these pipes in existing and proposed
‘constructed systems. Settlement along the floor grades toward the I,CRS pipes will be considerably
less since the differential stresses and resulting differential settlements are much less in the flow
direction along the floor toward the pipes.

The historical leachate generation rate for the site indicates that operational leachate generation rates
average 29 gallons per acte per day (Golder 2003a). This leachate rate is largely controlled by the
operating practices of the site (i.e. diverting stormwater, type of daily cover etc.) and is not
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significantly impacted by the depth of refuse. Therefore, this rate is representative of anticipated
future leachate generation rates. Following closure, the leachate generation rates are expected to
steadily decline to approximately zero within 10 years (EPA, 2002).

At final build out, the maximum area draining to a single sump will be approximately 15 acres.
Using the operational average peak monthly leachate generation rates measured for the site,
maximum leachate generation that is drained by a single collection line is approximately 435 gallons
per day or 0.3 gpm.

The capacity of a 4-inch diameter HDPE pipe at a 0.25 percent grade servicing that flow is 54 gpm
(Golder 2003d). Given potential base settlement and the maximum leachate generation rates, the
resulting factor of safety is 180, which far exceeds minimum regulatory requirements. CCR Title 27
requires a minimum factor of safety of 2.0 for flow capacity of the LCRS.

2.2.4.1.3 LCRS Pipe Structural Capacity

The impact of increased stress on the LCRS collection pipe system resulting from modifications to
the final grading plan was addressed in the Optimization of the Final Cover Grading Plan, (Golder
2003d). The total vertical loading resulting from the modified final cover grades was still well below
the structural design capacity of the LCRS collection pipe system. Calculated factors of safety for
pipe breakage (wall crushing) and pipe collapse (wall buckling) were greater than 3 exceeding the
minimum factors of safety for those physical properties. In addition, calculated distortion (ring
deflection) for the LCRS collection pipe was considerably less than allowable levels. The results of
these revised capacity calculations are given in the Draft EIR for the site. These summary
calculations are also included in Appendix D.

2.2.4.2 Postclosure Cover Settlement

Settlement analyses were performed to evaluate the impact of postclosure settlement on the final
cover grades. Refuse settlement typically exhibits a large, rapid, initial settlement rate referred to as
primary settlement, which is followed by a long-term, progressively decreasing, settlement rate that
is referred to as secondary settlement. Primary settlement generally occurs within weeks to months of
the initial refuse placement. However, secondary settlement occurs for many years as waste materials
decompose and compress.

The calculated postclosure settlements assume that primary settlements are complete prior to closure,
but secondary settlements will continue throughout the entire 30-year postclosure monitoring period.
As indicated in Appendix D, the postclosure grades following settlement will be approximately three
percent, which is sufficient to promote positive drainage from the cover. '

Appendix D also presents calculations of estimated differential settlement based on heterogeneous
waste settlement properties. Reported values of the refuse modified secondary compression index
for landfills most representative of modern landfill practices typically range from about 0.01 to 0.07
(Fasset et.al, 1994). Assuming that a four-fold variation in the modified secondary compression
index oceurs over a horizontal distance of 50 feet along the top deck, the maximum increase in the
tensile strain is estimated to be less than 3 to 4 percent, which is well within the allowable range for
the geosynthetic materials (geomembrane, geocomposite drainage net, and GCL).
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225 Slope Stability
2.2.5.1 General

Slope stability evaluations,for landfills generally consider the following potential failure modes,
. which are illustrated in Figure 7: , :

o 'Foundation stability. This potential failure mode considers a failure surface
developing beneath and through the liner system. This failure mode is generally
a concern to landfills sited over relatively weak soils and/or bedrock with
adversely orientated discontinuities. Although the soils at the NWSHRL are not
gbnsidered “weak,” the foundation stability was evaluated to confirm adequate . -
strength of the subsurface soils under the proposed stresses. The factor of safety
for this failure mode is affected by the overall height of the refuse, and therefore,
this failure mode is addressed in this report, SN A b

-~ o Refuse Slope Stability. Refuse slope stability considers' a potential failure
surface developing within or above the liner systerh. Since the liner system
interface shear strengths are generally lower than the shear strength of refuse,
this failure mode involves the potential movement of refuse along the liner

- system. The factor of safety for this failure mode is affected by the overall
- height of the refuse, and therefore, this failure mode is addressed in this report. o

. ) . o . Mo e
e Cover_ Veneer Stability,. The stability of the cover system: consideis the. =
potential occurrence of a failure within the final cover components, This failure
mode is primarily a function of the interface strengths of the cover materials and
the maximum final slope inclinations. Since the'proposed optimized final cover

grading plan is not modifying the cover components and maximum slope . -

inclination, the stability of the cover system is not impacted. Therefore, this

analysis is not addressed in this report. The cover veneer stability analyses .

presented in the June 2002 PCPMP addresses this failure mode for both the

current cover system and the proposed optimized cover grading plans and finds
 the performance of the cover system to exceed stability requirements.

Stability analyses were performed using the computer program SLIDE (v. 3.047), SLIDE uses two-
dimensional, limit-equilibrium methods to evaluate stability. The static stability of the refuse mass
was evaluated using Spencer’s or Bishop’s method of slices.

Key assumptions common to the foundation and refuse slope stability analyses are summarized
below. : .

® The shear strength of the refuse was modeled by a linear failure envélope
represented by an internal angle of friction of 30 degrees and a cohesion of 200
pounds per square foot (psf), which is within the range of refuse strength
parameters reported by Singh and Murphy (1990). These parameters are close to
the values recommended by Kavazanjian (1995), which presents a refuse shear
strength model with an internal friction angle of 33 degrees with a minimum
shear strength of 500 psf.

® The unit weight of the total waste fill mass was assumed to be 70 pcf. Golder
has completed annual capacity and waste density calculations for the NWSHRI,
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between 1997 and 2003. Historically, the NWSHRL consistently achieves
relatively low in-place, compacted refuse densities of around 50 pcf. Allowing
for waste settlement and daily cover materials, we estimate the final total waste
mass density will be around 60 pcf. Assuming a higher total waste fill density of
70 pef is conservative and generally results in lower computed factors of safety.

e Seismic stability was evaluated using the simplified seismic design procedure
developed by Bray et. al. (1998). The design earthquake event for the site, the
maximum credible earthquake (MCE), results from a blind thrust along the
Central Valley Coast Range (Geosyntec, 1995) at an epicentral distance of 13
km. The MCE has a moment magnitude (Mw) of 7.0 resulting in a peak bedrock
acceleration of 0.35g. Based on the computed yield accelerations, permanent
displacements were estimated for the design seismic event.

2.2.5.2 Foundation Slope Stability

Previous stability analyses by Emcon (1993), Geosyntec (1995), and Golder (2002) have evaluated
the stability of the landfill foundation assuming undrained conditions based on an undrained shear-
strength subsurface profile developed by Emcon (see Appendix E). Computed factors of safety for
the 1993 RDSI and June 2002 final cover grading plans generally exceed 1.8 for static conditions.

In our opinion, an undrained analysis is overly conservative because it assumes instantaneous loading
of the entire refuse mass without dissipation of pore pressures. The filling of the site over many
years in conjunction of the occurrence of sand lenses throughout the subsurface soils will preclude
the development of significant excess pore pressures.

Based on an average coefficient of consolidation value (Cv) of 11 m2/year, and an assumed
maximum 40-foot thick layer of silty clay bounded by sand lenses, we calculate that 80 percent of the
excess pore pressures will dissipate in less than two years and 95 percent of the excess pore pressures
dissipated in less than 4 years under an applied load. Our analyses indicate, based on currently
permitted waste acceptance limits, the loading rate will not result in significant pore pressure
development beneath the landfill, and therefore, the appropriate foundation slope stability analysis is
based on drained conditions.

For this study, we completed stability analyses assuming drained conditions. Drained shear strengths
were based on tests completed by Emcon (1993). These tests indicated that drained shear strengths
were represented by an internal friction angle of 34 degrees and a cohesion of 0 to 1,000 psf. For this
study we conservatively assumed drained shear strengths represented by an internal friction angle of
32 degrees with no cohesion.

The results of our calculations indicate a factor of safety of 2.1 under static conditions. For the
design seismic event, the computed permanent displacements are estimated to be approximately 0.1
inch. A minimum static factor of safety of 1.5 satisfies the static stability criteria specified in CCR
Title 27 for Class II landfills. The computed permanent displacement of less than 0.1 inch is very
small and will not result in damage to the liner system. This satisfies the CCR Title 27 requirement
that Class II landfills withstand the MCE without damage to the foundation or structures that control
leachate, surface drainage, erosion, or gas.

2.2.5.3 Refuse Slope Stability

Refuse slope stability considers movement along a failure plane that extends through the refuse and
along the liner system. DM-2.2, 9.1, 11.1, 11.2 and 5.1 were constructed with a composite liner
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system containing a geosynthetic clay liner as deseribed by Geosyntec (1995). Interface shear
strength testing performed by Geosyntec resulted in a critical design GCL/textured geomembrane
interface with a minimum design shear strength defined by internal friction angle of 9 degrees with
no cohesion (Golder, 2000). Conformance testing by  Golder has confirmed that these constructed
liner systems met or exceeded this minimiim shear stréngth (Golder, 1999 and 2001).

DM 2.1 was constructed with composite liner consisting of a compacted clay liner (CCL) overlain by
a textured HDPE geomembrane. This interface is expected to have higher sheat strengths similar to
those measured for DM-4.1. Emcon estimated a minimum design shear strength of 10.5 degrees
(Emcon, 1993). - ' " ,

DM 4.1 and future cells will be constructed with a double liner system with leak detection layer.
This liner system includes a geosynthetic clay liner on the perimeter slopes., The landfill base
composite liner consists of compacted clay and textured geomembrane. Accordingly, the design
shear strength for the base liner system is represented by an internal friction angle of 12 degrees with
no cohesion (Golder, 2003b). This design interface was, confirmed by interface direct shear testing
completed by Golder (2003c). ' o

~ For the purpose of this evaluation, the refuse mass stability was analyzed using the lower critical
design friction angle of 9 degrees with no cohesion representing the liner systems constructed for
DM-2.2,9.1,11.1, 11.2 and 5.1.

Two sections were analyzed for refuse slope stability, Sections A-A” and B-B’ (see Figlire '4).
Section A-A’ was taken through DM 4.1 and Section B-B’ rums “through the existing' DM 11.2
Section A-A’ was found to be the critical section and is illustrated in Figure 7. ‘

The yield acceleration was also calculated for each section. The yield acceleration is the horizontal
acceleration required to result in a factor of safety of 1.0. The yield acceleration in conjunction with

~ the characteristics of the design seismic event and seismic source were used to estimate permanent
* displacements using the simplified Bray Method. Appendix E includes these calculations.

Table 4 summarizes the static and seismic results for refuse slope stability.

TABLE 4
- SUMMARY OF REFUSE SLOPE STABILITY ANALYSES

Seismically Induced
Permanent Displacements
Section Static Factor of (inches)
' Safety
A-A’ 1.5 2.6
B-B’ - 1.7 1.1

The results of the stability analyses indicate that the waste mass has a minitium factor of safety of
1.5 under static conditions. A minimum static factor of safety of 1.5 satisfies the static stability
criteria specified in CCR Title 27 for Class I landfills. Permanent displacements calculated for the
- sections are less than 3-inches. Displacements of up to 12-inches along the liner system are generally
accepted as being within the tolerance limits of liner systems without resulting in adverse damage.
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Therefore, these small displacements satisfy the CCR Title 27 requirement that Class II landfills
withstand the MCE without damage to the foundation or structures that control leachate, surface
drainage, erosion, or gas. In particular, movements of less than three inches will not adversely
impact the LCRS HDPE pipes, which are very flexible and able to tolerate relatively large
movements. Furthermore, these pipes are oriented perpendicular to the sides of the landfill, and any
seismically-induced movements would therefore subject the LCRS pipes to tension/compression
loading instead of shear loading. Tension and compression loading are more favorable than shear
loading in HDPE pipes.

2.2.6 Landfill Gas

The site will have a complete landfill gas collection system prior to closure. Accordingly, closure
construction requirements for the landfill gas collection system are limited to activities integrating
the landfill gas extraction wells and piping into the closure cover design. Integration of gas controls
with a closure cover system is routinely completed and standard conceptual design details for either
horizontal or vertical extraction wells are available. Cover construction costs account for the
integration of the wells and header systems.

The first phase of the gas control system is currently being designed and is scheduled to be installed
and operational by December 1, 2007. Although the remainder of the gas system has not been
designed, it is currently anticipated that the Hay Road Landfill will utilize conventional vertical
extraction wells. For Class Il MSW landfills, such as Hay Road, it is common to install the wells on
an average spacing of about 400 feet. Therefore, approximately 70 to 75 vertical gas wells are
expected be installed during the operational life of the landfill These wells will be connected by gas
collection header pipes and conveyed to a disposal system that will be also installed prior to closure
(e.g. gas flare or landfill gas-to-energy system).

2.2.7 Surface Water Drainage

Figure 8 shows a conceptual drainage plan for the NWSHRL. Drainage will be conveyed along the
top deck and intermediate slope benches to down-drains located along the sides of the landfill. The
down drain pipes will be fitted with diffuser tees at the discharge ends to dissipate high velocity
hydraulic energy before discharging to the perimeter channels. Run-off will be conveyed to a
perimeter channel that will discharge off site.

Appendix F presents conceptual drainage calculations to verify that the above conceptual drainage
facilities can be designed to accommodate a 1,000-year, 24-hour precipitation event as required by
Title 27 for Class II Landfills. As part of the Final Closure Plan, a detailed drainage and erosion
control plan and final design details will be developed for the final cover.

The NWSHRL has constructed perimeter drainage channels and berms to prevent run-on from off-
site drainage. These features will continue to be used at landfill closure.

2.3 Postclosure Land Use

The postclosure end use of the site will be consistent with surrounding terrain, land uses, and the
current agricultural use zoning. The site is planned to be maintained as secured non-irrigated open
space and the closed landfill will be designed to reduce health and safety impacts with proper site
security fencing and access control. No liquids will be discharged to the cover system.
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24 Environmental Monitoring and Controls

24.1 Existing Monitoring and Control Systems

Existing environmental controls include liner systems and leachate collection and removal ’syé'tem,
+ which are described in Sections 5.2 and 5.3 of the JTD. A landfill gas control system is not currently
©in place, but-will be installed during the ‘operational life of the facility. This s’ystefﬁ'%i’ﬂ be

- integrated into the closed site as discussed in Section 2.2.6. '

The liner and leachate collection and removal systems (LCRS) for all future modules at the

NWSHRL are described in Section 5.2.2 of the JTD. Double composite base liniers (60-mil HDPE)

will be employed for these future modules. Leak detection geocomposites will be used in the

_secondary component to monitor for releases from the primary liner component. The LCRS is

~designed to provide efficient collection and removal of leachate and meet the requirements of CCR
Title 27 and Subtitle D. Subtitle D requires the depth of leachate over the liner to be 1 foot or less.
Title 27 CCR §20340 requires the LCRS to be designed to collect and remove twice the anticipated
daily volume of leachate. ‘ -

Environmental monitoring consist of groundwater monitoring, .vadose monitoring, landfill gas
monitoring, and surface water monitoring as described in the following, sections. Within, each
- disposal module, there are one or more leachate collection sumps at the perimeter of the landfill
where leachate is extracted and pumped to a temporary storage tank, Leachate is then hauled off-site
for disposal at a waste water treatment plant. Figure 9 shows the existing monitoring system. Figure

10 shows the existing leachate collection system and surface water controls.

The groundwater-monitoring network currently consists of twenty five (25) monitoring wells,
sampled semi-annually. Each detection and background well is designated to monitor one or more
disposal modules. There are a total of twelve (12) leachate sump monitoring points, three 3)
leachate wells, two (2) leak detection sumps, eleven (11) lysimeters to monitor the unsaturated zone
(exclusive of sludge drying area south of DM 9.1), and five (5) surface water sampling points. WDR
Order No. R5-2003-0118 (Appendix A of the JTD) includes groundwater monitoring parameters for
the landfill. ‘

Explosive gas (5% methane content or greater) monitoring is currently performed at the site
perimeter with eleven (11) LFG monitori g probes to maintain compliance with Title 27 CCR
Sections 20919.5 and 20925, Additionally, these probes, pan lysimeters, and leak detection sumps
are monitored for the parameters required in WDR Order No. R5-2003-0118 (Appendix A of the
JTD); methane, carbon dioxide, oxygen, and organic vapors using field instruments. During closure,
the monitored gas parameters will comply with the WDR’s and any additional relevant requirements

by the CIWMB.

The LFG monitoring at the site, including a typical probe detail, monitoring methods and
frequencies, are described in Appendix N of the JTD and referenced in WDRs Order No. R5-2003-
0118. During these monitoring events, onsite structures will also be monitored for methane levels
greater then 1.25% in accordance with Title 27 CCR Section 20920 et seq. There are no offsite
inhabitable structures within 1,000 feet of the permitted landfill footprint. '

" 24.2 Modifications Required During Closure

As the landfill is developed, leachate storage tanks will be located outside of the landfill footprint.
Leachate conveyance lines will also be located outside of the landfill footprint. Therefore, no
modifications to the leachate collection system are required during closure.
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Final groundwater and lysimeter monitoring systems will be in place prior to closure. Therefore, no
modifications are required to these monitoring systems during closure.

At closure, a total of 17 gas probes will be installed around the perimeter at a spacing of
approximately 1,000 feet or less. GP-1 through GP-11 are currently in place. GP-7 and GP-8 are
within and/or near the landfill footprint and will be located to the perimeter and renamed as GP-7R
and GP-8R as shown in Figure 9. Additional gas probes GP-12 through GP-17 will be installed prior
to or at closure.

At closure, the landfill gas collection lines and condensate sumps will be disconnected, temporarily
relocated as required, and then reconnected after the closure cover system is constructed. Since the
collection lines and control valves are typically joined with periodic bolted, flanged connections, the
relocation of the lines is a relatively simple process. The cover system will be constructed around the
wells using standard design and construction practices. For example, the geomembrane will be
sealed to the extraction wells using a booted sleeve placed around the pipe.

2.5 Closure Activities
251 Maximum Extent of Landfill Requiring Closure

Closure activities will commence following the completion of the landfill development. Therefore,
the maximum extent of the landfill requiring closure at any point in time corresponds to the total
maximum waste disposal footprint of 260 acres. The maximum closure footprint is reflected in the
closure cost estimate (Section 2.7).

2.5.2 Site Security, Dismantling and Structure Removal

Site security upon closure will be provided by NWSHRLL Site security will include:

e Proper signs posted at all points of access consistent with regulatory
requirements at the time of closure. These signs will be placed at least 60 days
prior to closure, state the date of closure, identify the alternative waste disposal
location, and will remain at least 180 days after receipt of the last load of waste.

e A public notice will be advertised in a local newspaper(s) with general
" circulation at least 60 days prior to closure.

e Access will be controlled by locked gates at all access points ‘around the
perimeter.

e Fencing will be maintained around the entire site.

The existing temporary facility structures are shown on Figure 2 (scale facilities, administration
trailer and maintenance shop). These structures are within the future waste disposal footprint and
will be removed and relocated as the landfill is developed. Any future permanent structures will be
deactivated and dismantled accordingly following closure. The buildings and maintenance and
storage facilities will be dismantled and made available for reuse or resale. Material not considered
reusable will be appropriately disposed of consistent with applicable state regulations.

It is anticipated that all environmental control systems will remain in place upon closure and during
the postclosure maintenance period until it is demonstrated that landfill by-products such as leachate
and landfill gas pose no threat. This demonstration will be to the satisfaction of the LEA, the
RWQCB, and the CTWMB and will be presented in the form of a written report. Upon closure,
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unused controls that have come into contact with landfill leachate or gas will be’appifppﬂately
cleaned and/or disposed of in accordance with federal, state, and local laws.” b

Environmental control systenis temoved -during or following postclosite will be dismantled and
appropriately disposed of consistent with federal, ‘state, and local laws. Gas and groundwater
“monitoring wells will be abandoned according to the then current federal, state and local laws.
Materials intended for reuse will be cleaned. The methods of cleaning that may be used include:

* Washing with water, detergent, or chemical solvents;
. Steél;l Acn:lneanving; | o |

° S‘crub‘b‘ing with abrasives; and

® Sand blasting, -

The residues produced as a result of cleaning reusable cémpoﬁents will be disposed of consistent
with applicable federal, state, and local laws. A more specific plan for decommissioning
environmental control systems will be prepared for the final closure plan.

2.5.3. Final Cover Construction

Final Cover

A final cover will be constructed as part of the closure activities. The final covet as described in
Section 2.2 is an engineered alternative design that provides -equal or improved water quality
protection than the prescriptive standard requirements of Title 27 CCR. *

Closure activities will commence within 30 days of the receipt of the last load of refuse. A detailed
schedule showing the sequencing of construction activities and duration of the activities will be
submitted as part of the final closure plan. A minimum of two surface monuments will be located on
the top deck of the cover to facilitate periodic topographic surveys and subsequent settlement
evaluations. The exact location and number of survey monuments will be determined as part of the
final closure design.

Construction Quality Assurance

Construction Quality Assurance (CQA) will be completed during the closure activities to ensure that
the construction complies with the closure design plans and specifications. Prior to starting the
closure activities, a construction quality assurance plan will be prepared by a Registered Civil
Engineer or Certified Engineering Geologist in accordance with Sections 20323 and 20324 of Title
27 CCR, and submitted as part of the final closure plan. Following closure construction, a closure
certification report will be prepared and submitted to provide documentation that the closure
activities were completed in accordance with the design plans and applicable federal and state
regulations. A registered civil engineer or certified engineering geologist will supervise CQA
activities and certify the closure report. o ,

Typical CQA activities will include, but are not limited to the following:
* Verifying the materials, thickness and compaction of the fouﬁdétiori layer; |

® Observation and inspection of the geosynthetic matetials for conformance with
the engineering plans and specifications;
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e Conformance testing of soil and geosynthetic materials;

e Documentation of construction procedures, and identification and resolution of
construction problems; and

e Preparation of a CQA report providing documentation that the closure activities
and construction complied with the project plans and specifications.

CQA Plan requirements to be included in the Final Closure Plan are outlined in Table 5.

TABLE 5
CQA PLAN REQUIREMENTS

—

A delineation of the CQA management organization, including a chain of command
A detailed description of the level of experience and training of the contractor, work crew, and CQA
inspectors.
Description of the CQA testing protocols
CQA manufacturer or third party data on all geosynthetics utilized
CQA documentation
Types and frequencies of tests to be performed
e For consistency, at least two placement tests should be performed on the barrier layer
e  Frequency range:
o Subgrade: 1 test per acre — 1 test per 5 acres
7. For all cover material the following tests should be performed:
e Particle size analysis (ASTM D 422-93)
e  Compaction characterization (ASTM D 1557-91)
e  Classification of Soils (ASTM D 2487-93)
For low-hydraulic-conductivity layer the following tests should be performed:
9. Review required earth material/geosynthetic placement tests for adequacy and completeness

e All earth materials:

e  TLaboratory soil characterization tests as above (particle size analysis, compaction
characterization, classification of soils, liquid limit, plastic limit, plasticity index, triaxial-cell
method with back pressure)

e Description and Identification of Soils (ASTM 2488-93)

e Four field density tests performed for each 1,000 cubic yards of material placed or a minimum
of 4 tests per day.

o Nuclear density gauge
o Sand Cone test

e Compaction curve data (ASTM D 1557-91) represented graphically once a week or every 5000
cubic yards of material placed

e Atterburg limits (ASTM D 4318-93) represented graphically once a week or every 5000 cubic
yards of material placed

10. Flexible Membrane Liner (FML):

e Preconstruction quality control program

e  Tensile strength

e Layer thickness strength

e Peel test for the seaming of the material

e  Inspection of placement

e  Inspections of installation of anchors and seals

11. Geosynthetic Clay Liner

>

S VW

*®
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*  Preconstruction Quality Control Program
~*  Bentonite Unit Weight
¢ Permeability (ASTM D 5084)

2.5.4 : Recording . ‘ : '
Upon closure of the site, NWSHRLI will file a- detailed Hé:sﬁcfiptioh of the ¢losed site to the local
enforcement agency and County Regorder. The site description shall include: :

¢ A map and description of the closed site;

* The date closure was completed;

* Locations where the Final Closure and Postclosure Maintenance Plan can be
“obtained; - . : ‘ v g

e .:Thé bbuhdariés of each waste manégement uhiti and'the height '\and depths of
filled refuse; and P ‘ '

e A statement that the site use is restricted in accordance v‘vi‘th‘ the postclosure‘“
maintenance plan. i

2.5.5  Preliminary Closure Schedule o
A detailed closure schedule ‘will be prepared as part of the Final Closure and Postclbsure
Maintenance Plan. The following provides a summary of the currently anticipated closure schedule.

® Proper signs posted at all points of access consistent with regulatory
requirements at the time of closure. These signs will be placed at least 60 days
prior to closure, state the date of closure, identify the alternative waste disposal
location, and will remain at least 180 days after receipt of the last load of waste.

® A public notice will be advertised in a local newspaper(s) with - general
circulation at least 60 days prior to closure.

o Closure activities will begin within 180 days of closure.

e Completion of closure construction and construction quality assurance (CQA)
will likely need to be phased to allow construction to be limited to the dry
season. Assuming individual closure construction phases will involve between
50 to 90 acres of cover area, it is anticipated that closure construction and CQA
of the entire landfill may require 3 to 5 construction seasons to complete.

e A CQA Repdft for each phase of closure construction will be submitted within
30 days of the completion of each closure phase.

2.5.6 Health and Safety

The construction contractors completing the closure activities will be required to prepare a Health
and Safety Plan that identifies and addresses the anticipated construction hazards. There are no
hazardous wastes at the Hay Road Landfill and disposed wastes will not be exposed during closure
construction. Therefore, construction activitiés arejexpect‘ed to be completed using Level D Personal
Protective Equipment (PPE), which is common to all standard construction projects.
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2.6 Landfill Capacity and Life

Golder Associates has completed landfill capacity and life estimates on an annual basis for
NWSHRL since 1998. These evaluations have been based on aerial topographic surveys and gate
receipts of refuse tonnage. As of April 1, 2007, the remaining net landfill airspace was estimated to
be 30.9 million cubic yards. Table 6 summarizes the landfill capacity calculations.

Based on a projected effective density of 1,035 pcy and an annual one percent waste stream growth
rate, the remaining life of the facility is estimated to be approximately 70 years, which corresponds to
a closure date in 2077 (Table 7). NWSHRL accepted 156,700 tons of refuse from June 30, 2004 to
June 30, 2005. The projected effective density of 1,035 pcy and one percent growth rate are
consistent with the projections completed for the past two years. These projections are reviewed on
an annual basis. The projected effective density of 1,035 pcy takes into account anticipated waste
settlement. Settlement of the foundation soils is not expected to significantly increase disposal
capacity from that summarized in Table 6.

DM-4.2 was the most recent cell that was constructed. Currently, NWSHRLI anticipates that the
remaining portion of landfill will be developed and filled in the following sequence:

e DM-4 (remaining portion)

e DM-3
e DM-7
e DM-8
e DM-6

e DM-9 (remaining poﬁion)
e DM-2 (remaining portion)
e DM-11 (remaining portion)
e DM-10

The locations of the planned disposal modules are shown on Figure 2. This sequence is only for
planning purposes and may be changed as needed to respond to external influences.
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RTE TABLE 6
- LANDFILL CAPACITY .
Ttem Descripﬁon - 7 R Quantity

1. Gross Total Refuse Airspace’ o S . 36,626,000 cy

2. Cover Volumé Requirements ; .

2a. | ft Vegetative Soil Layer - .« - 433,000 Coey

2b. 11t Founda,tion Layer (will bé in place at the ﬁme ‘ o | o

of closure) ‘ .0 oy

Total . 433,000 cy

4. Liner Volume 1,382,000 cy

5. Net Refuse Airspace (1-2-3) 34,811,000 cy

6. Estimated Airspace Consumed As of April 1, 2007 3,910,000 cy

7. Remaining Refuse Airspace (5-6) 30,901,000 cy

8. Remaining Refuse Capacity® 15,991,000 tons

1. Gross airspace does not include refuse or inert fill within DM-1 prior to'1996. -

2. Based upon a predicted overall effective density of 1,035 pcy for the life of the landfill, which accounts

for waste settlement
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TABLE 7
LANDFILL LIFE ESTIMATE
Remaining Airspace Remaining Airspace

Year (cy) Tons Year (cy) Tons
2007 30,815,934 157,684 2043 17,558,988 225,610
2008 30,508,183 159,261 2044 17,118,667 227,866
2009 30,197,355 160,854 2045 16,673,944 230,144
2010 29,883,418 162,462 2046 16,224,773 232,446
2011 29,566,342 164,087 2047 15,771,111 234,770
2012 29,246,096 165,728 2048 15,312,912 237,118
2013 28,922,646 167,385 2049 14,850,130 239,489
2014 28,595,963 169,059 2050 14,382,722 241,884
2015 28,266,012 170,749 2051 13,910,639 244,303
2016 27,932,762 172,457 2052 13,433,835 246,746
2017 27,596,179 174,181 2053 12,952,263 249,213
2018 27,256,231 175,923 2054 12,465,875 251,706
2019 26,912,883 177,683 2055 11,974,624 254,223
2020 26,566,102 179,459 2056 11,478,460 256,765
2021 26,215,852 181,254 2057 10,977,334 259,333
2022 25,862,101 183,066 2058 10,471,197 261,926
2023 25,504,812 184,897 2059 9,959,999 264,545
2024 25,143,949 186,746 2060 9,443,689 267,191
2025 24,779,479 188,614 2061 8,922,216 269,862
2026 24,411,363 190,500 2062 8,395,528 272,561
2027 24,039,567 192,405 2063 7,863,573 275,287
2028 23,664,052 194,329 2064 7,326,298 278,040
2029 23,284,783 196,272 2065 6,783,651 280,820
2030 22,901,720 198,235 2066 6,235,577 283,628
2031 22,514,827 200,217 2067 5,682,023 286,464
2032 22,124,065 202,219 2068 5,122,933 289,329
2033 21,729,396 204,241 2069 4,558,252 292,222
2034 21,330,779 206,284 2070 3,987,924 295,145
2035 20,928,177 208,347 2071 3,411,893 298,096
2036 20,521,549 210,430 2072 2,830,102 301,077
2037 20,110,854 212,535 2073 2,242,493 304,088
2038 19,696,052 214,660 2074 1,649,008 307,129
2039 19,277,102 216,806 2075 1,049,587 310,200
2040 18,853,963 218,975 2076 444,173 313,302
2041 18,426,593 221,164 2077 0 229,860
2042 17,994,948 223,376

Notes:

1. Effective density of 1,035 pcy

2. Annual growth rate = 1.0%
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2.7 Closure Cost Estimate

Closure and postclosure maintenance funding for NWSHRL complies with current state regulations.
Title 27 of the California Code of Regulations states that an irrevocable fund be established, or
provide other means to ensure closure for the site. NWSHRL has a closure fund established with the
current amount of the closure fund based on the total closure costs prorated to reflect the proportion
of the permitted airspace that has been consumed. The closure costs and closure fund are reviewed
and updated annually. ' o '

The current cost estimate for closure of NWSHRL is based upon information presented in this report.
The following key assumptions were made in compiling these estimates: ‘

e The source of the vegetative soil cover will be on-site.

a ‘e The foundation layer will be obtained from on-site soils of consist of suitable
alternative cover and will be placed and compacted as part of the interim cover
layer. ' ‘ o

- Two survey monuments will be installed on the top deck.
e 8 Additional perimeter gas probes will be installed during closure.

o All closure activities will be observed ‘ajnd\ documented by a registered civil :
‘ engineer or a certified engineering geologist as required by CCR, Title 27.

» The maximum area expected to be closed at any one time is 260 acres.

* The landfill gas system collection lines will be disconnected, temporarily
removed and then reconnected after the cover is constructed. . Allowing this
work to be completed in ten working days by five laborers (unit rate of $60/hr),
and one backhoe (unit rate of $150/hr including operator) results in a cost of °
$36,000, or about 0.1% of the estimated closure cost.

* Unit costs presented include all mobilizétion; equipment, materials, labor, and
contract administration to complete the work

Table 8 provides the updated closure costs reflecting the revised closure cover system components.
The closure costs for the site of $21,716,321 are funded and incurred incrementally .during the
operational life of the landfill as areas are developed and filled to the final grades.

s b §
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TABLE 8
2007 CLOSURE COST SUMMARY
Item Unit | UnitCost | Quantity Total
1. Final Soil Cover'
a. Foundation Layer cy $ 4.00 - $ -
b. Vegetative Layer cy $5.00 432,743 $2,163,715
2. Geosynthetic Layers
a. Geomembrane (60 mil HDPE)* sf $0.57 11,684,063 $ 6,659,916
b. Geocomposite drainage layer” sf $0.58 10,105,109 $ 5,860,963
c. GCL? sf $ 0.65 1,578,954 $ 1,026,320
d. 10-o0z/yd Geotextile sf $0.25 1,578,954 $ 394,739
e. Geosynthetic testing % 2.0% $278,839 ¢
3. Design/CQA
a. Design, plans, specifications Is $ 95,000 1 $ 95,000
b. Post-closure maintenance plan Is $ 30,000 1 $ 30,000
c. CQA acre $ 2,308 260 $ 600,000
4. Revegetation acre $ 1,000 260 $ 260,000
5. Landfill Gas Monitoring Network Is $ 16,042 1 $ 16,042
6. Gas Control
Install gas control system’ $ - - $ -
Relocate collection lines® Is $ 30,000 1 $ 36,000
7. Groundwater Monitoring System” Is $ - 1 $ -
8. Drainage Structures
a. CMP and drop inlets If $ 50 10,700 $ 535,000
b. V-ditches If $8 16,300 $ 130,400
9. Security Measures Is $ - 1 $ -
10. Closure Survey, Settlement Is $ 10,000 1 $ 10,000
Monuments
Subtotal $ 18,096,934
20% Contingency $ 3,619,387
Total §21,716,321
Notes

1.
2
3.
4. Groundwater monitoring system will be installed prior to closure. The existing network is sufficient to monitor

5.

Cover Profile - foundation layer (1 ft already in place), geosynthetic layers and vegetative layer (1 ft).

. Geomembrane, GCL and geotextile on top deck. Geomembrane and geocomposite on side-slopes.

Gas control system will be installed prior to closure. 8 additional gas probes installed at closure.

current operations.

Security measures will be installed prior to closure.
6. Assumes 10 days for backhoe and operator and 5 laborers at a cost of $3,600 /day.
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3.0 PRELIMINARY POSTCLOSURE MAINTENANCE PLAN

 Postclosure maintenance of NWSHRL will be performed in accordance with Title 27 CCR, Section

' 21180. Postclosure activities will consist of groundwater and surface water monitoring, landfill gas
monitoring, and the inspection of the final cover system, leachate collection and disposal controls,
and environmental monitoring systems (groundwater, vadose zone, surface water, and landfill gas),

“and inspection of the site security system. Postclosure monitoring and maintenance will ccur an on
an annual or semi-annual basis for a period of at least 30 years. ( '

NWSHRLI will be reSponsible for implementing postclosure inspection and maintenance activities.
A Final Postclosure Maintenance Plan will be submitted to the regulatory agencies at least two years
prior to closure for review and approval. S :

31 | Monitoring and Sampling Activities

Monitoring and sampling activities include lea(}hate, groundwater, vadose zone, surface water, and

landfill gas.- The frequency of monitoring and analyses performed are shown in Table 6.1 of the JTD

and comply with WDR R5-2003-0118 and the current Landfill Gas Monitoring Plan (Appendix H).

The total number of leachate and vadose zone monitoring points will depend in part on the number of

sumps and design of landfill cells. Based on current conceptual base development plans, the final
- landfill development is expected to result in 22 leachate sumps and 22 vadose lysimeters.

LFG monitoring during the postclosure period will confirm explosive gas content is less than 5%
methane at the petimeter boundary and less than 1.25% (25% of methane LEL) in any remaining
onsite structures. The gas monitoring parameter list will consist of the list currently in the WDR’s.
Reports from LFG monitoring will be made available to the LEA within 90 days of monitoring
events. : )

The leachate collection and gas collection systems will be operated throughout the postclosure period
until leachate and gas are no longer produced. Leachate and landfill gas will be handled to ensure
that it is controlled and contained to prevent contact with the public.

3.2 Postclosure Inspection and Maintenance Activities

Postclosure inspection and maintenance activities will include the final cover, the site drainage
system, environmental controls, and security system as described in the following sections. Written
notification of unusual incidents or occurrences observed during inspections will be provided to the
LEA, or other appropriate agency in 2077 and beyond, regarding such events as; vandalism, fires,
explosions, earthquakes, floods, the collapse or failure of artificial or natural dikes, levees or dams;
surface drainage problems; and other incidents involving or threatening waste releases.

3.2.1 Final Cover

The final cover will be inspected semi-annually to confirm that the final cover continues to function
as an infiltration barrier. Visual inspections will be performed for the following:

Final Cover Integrity

Qualified personnel will inspect the final cover for signs of settlement and subsidence, erosion,
cracking or other items that could adversely affect the integrity and effectiveness of the final cover.
Items requiring corrective action will be repaired as soon as feasible. Monitoring of the cover
integrity will be completed periodically by temporarily shutting down the gas collection system and
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then monitoring for possible leaks in the cover system. Evaluation of potential leaks will be
completed using surface monitoring equipment and/or soil gas probes.

Some minor differential settlement is expected at every landfill. Minor settlement can create
relatively small depressions on a landfill surface where water will pond. At NWSHRL, repair of such
ponds will be completed in one of the following ways:

e Small depressions will be filled with soil to promote positive surface drainage.

o Larger depressions in which the underlying geocomposite drainage layer is not
positively drained will be excavated to remove the cover system components
above the foundation layer. Additional foundation soils will be added as
necessary to establish suitable drainage grades. The overlying cover components
will be replaced using the existing cover materials or new materials as may be
necessary. The replaced materials will be constructed in compliance with the
original closure engineering plans, specifications, and CQA plan.

Appendix D presents the results of settlement analyses that were completed to evaluate the effects of
post-closure settlement on the final cover grades. The results of these analyses indicated that the
proposed grades are sufficient to accommodate the anticipated post-closure settlement and still
provide adequate drainage.

The final landfill contours are designed to accommodate storm water drainage from the completed
landfill after settlement and to minimize erosion of the final soil cover. To verify the integrity of the
final cover, a program of periodic observation and maintenance will be instituted. At least two
permanent survey control monuments to provide reference points for landfill settlement
measurements will be installed and maintained throughout the postclosure as required by Title 27
CCR Section 20950(d). There are currently 16 survey benchmarks or aerial photogrammetry
benchmarks located along the northern (Hay Road) and southern perimeters of the facility, including
one at the intersection of Hay Road and Highway 113. At least one pair of these survey monuments
currently used for aerial surveying will be converted into permanent benchmarks for the site’s
closure.

Aerial photographic surveys of the entire permitted site will be conducted following closure and then
every five years throughout the postclosure maintenance period or until settlement is no longer
occurring. The aerial photographs used to evaluate landfill settlement will be prepared consistent
with Title 27 CCR§21090(e). Iso-settlement maps will be produced showing the change in elevation
from the map produced upon closure and the most recent topographic map. The maximum contour
interval will be 2 feet.

Differential settlement observed visually on the cover surface will be tracked by mapping the
location and extent of the settlement [27 CCR§21090(e)(4)]. “The location of these differential
settlement areas will monitored each year for drainage problems and final cover integrity and
highlighted on the 5-year iso-settlement maps.

Vegetative Cover

Qualified personnel will inspect the vegetative cover for signs of erosion, degradation, and areas that
lack vegetative growth. Items requiring corrective action will be repaired as soon as feasible. The
postclosure maintenance costs provided in Section 3.3 assume that reseeding will be completed for
an average of 13 acres per year prior to the first winter rains to allow for natural seed germination.
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3.2.2 ' Drainage System

The surface drainage controls will be inspected annually for evidence of damage, excessive erosion,
settlement, and obstruction by debris. The effectiveness of the surface water drainage ditcheswill be
maintained by keeping the ditches, down-drains, and culverts clear of debris, excess soils and excess
vegetation. Repairs to the structures will be made if thé inspections reveal excessive damage to the
ditches, down-drains and culverts. In addition, regrading will be performed as necessary to maintain
positive drainage. ' ‘ SRR '

3.2.3  Environmental Controls

As part of the periodic sampling program, the groundwater wells, vadose zone probes and riser pipes,
and landfill gas probes will be inspected for damage. Well heads, locks, caps, sampling ports, and/or
tubes that appear damaged or excessively worn will be identified and replaced.

SCS has estimated that the landfill gas control system Will be Qpefated for the 30 year post-closure
period (Appendix H). ' ‘ ‘ R ‘

The groundwater eXtraction system for DM-1 will cqntimie' to bexopérated thro‘ughoﬁt' the post-
closure period. B -

3.24  Security

- All locks, gates, signs, and fences will be inspected on an annual basis. Any damage to the security
system due to vandalism, trespassing, ot natural wear and tear will be immediately repaired and/or
- replaced. Signs will be repainted ot replaced on an as-needed basis to maintain their visibility.

3.2.5 Notification P,roced‘ures‘

An emergency response plan will be prepared as part of the Final Closure and Postclosure
Maintenance Plan per the requirements of Title 27 CCR§21130. This plan will include requirements
to notify the LEA or any other appropriate agency of any occurrences of spills; fires, and other
incidents involving or threatening waste releases. ' ‘

3.3 Cost Estimate

Table 9 presents a 30-year postclosure maintenance cost estimate for the NWSHRL. Funding of the
postclosure maintenance for the NWSHRL complies with current state regulations. Title 27 of the
California Code of Regulations states that an irrevocable fund be established, or provide other means
to ensure postclosure maintenance of the site for 30 years. The NWSHRL has a postclosure
maintenance fund established and the current amount of the postclosure fund is based on the total
postclosure maintenance costs prorated to reflect the proportion of the permitted airspace that has
been consumed. The postclosure maintenance costs and fund are reviewed and updated annually.

The current cost estimate for postclosure maintenance of the NWSHRL is based upon information
presented in this report. The following key assumptions were made in compiling these estimates:

e Environmental monitoring costs are based on the projected number of sampling
points (Section 3.1), WDR R5-2003-0118 testing frequencies and constituents,
- and current third party testing costs for the site; S

®  Gas monitoring is conducted quarterly;
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e Leachate is conservatively assumed to be collected throughout the postclosure
period;

e On average, about 13-acres of the cover (5% of total area) will require
maintenance, repair, and reseeding each year;

e Inspections are completed annually and settlement surveys completed every 10
years;

e Groundwater wells are replaced every ten years at a cost of $5,000 well
(average).

e  SCS estimates the landfill gas system will create revenue from energy generation
to Norcal in excess of the operation and maintenance costs by approximately
$3.1 million over the 30 year operating period. These estimates are presented in
Appendix H (SCS Landfill Gas System O&M Cost Estimate). We have
conservatively assumed for the purposes of estimating postclosure maintenance
costs that the annual revenue from energy generation will only offset the landfill
gas system operations and maintenance costs.

As indicated in Table 9, the projected annual postclosure maintenance cost is $237,091/year.
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| . TABLE 9 _ L ,
2007 POST-CLOSURE MAINTENAN CE 'COST SUMMARY
Unit Annual
Item Unit Cost Quantity Total
1. Vegetation Maintenance acre $ 250 13.0 $ 3,250
2. Leachate
a._Sampling and Inspection’ annually - § 53,070 1 $ 53,070
b. O&M, Off-site disposal .. _annually  § 15,700 1 $ 15,700
3. Landfill Gas Monitoring/Maintenance annually $ 6,861 1 . $ 6,861
4. Vadose Zone N
Monitoring/Maintenance! annually $ 26966 . 1 $ 26,966
5. Groundwater . o : :
Monitoring/Maintenance’ annually $ 50,260 1. $ 50,260
6. Surface Water , .
Monitoring/Maintenance' annually  § 27,246 '$ 27,246
7. Drainage/Cover Maintenance annually $ 18,000 $ 18,000
8. Security Maintenance annually $ 1,000 1 $ 1,000
semi-
9. Inspections annually $ 1,000 2 $ 2,000
10. Miscellaneous
every five
a. Aerial Survey, Settlement Report yrs $ 10,000 0.2 $ 2,000
b. DM-1 Groundwater Maintenance annually $ 11,000 1 $ 11,000
11. Permitting Fees annually $ 11,000 1 $ 11,000

Total Annual Cost  §$ 237,091
Costx30yrs $7,112,715

Notes

1. Sampling and testing costs based on revised number of sumps/vadose pan lysimeters and testing

protocol outlined in the WDR's.
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4.0  CLOSURE OF WASTE PILE 9.1 AND LAND TREATMENT UNIT

NWSHRLI currently operates two temporary waste management units within the Class II permitted
disposal footprint. Waste Pile 9.1 measures approximately 6.5 acres in area and is located within
Disposal Module 9.1. The Land Treatment Unit (LTU) is located adjacent to DM-9.1 and measures
approximately 22.5 acres in area. The following sections describe the closure of these facilities.

4.1 Waste Pile 9.1

Waste Pile (WP) 9.1 occupies a portion of the footprint of Disposal Module 9.1 and is used to store
biosolid sludges during the wet season. During the dry season, the biosolid sludge is removed and
hauled to the LTU, where it is spread and dried, and then used for daily cover of refuse, or admixed
with soil for use as an operations layer within the construction of different modules.

Prior to operation as a waste pile, DM-9.1 was designed and constructed as a Class II Waste
Management Unit. The facility has a composite liner and leachate collection system with a pan
lysimeter that complies with current federal and state regulations for a Class IT Landfill.

At the completion of the WP-9.1’s operation as a waste pile, all remaining sludges, excess soil (e.g.
operations pad) and perimeter berms will be removed and disposed of properly or used as daily
cover. The monitoring records for environmental controls (groundwater, leachate, and pan lysimeter)
and the remaining surface of the waste management unit will be inspected by a registered civil
engineer or certified engineering geologist to evaluate suitability to begin operations as a Class II
Landfill and determine if any rehabilitation measures are required. —Recommendations for
rehabilitation measures will be completed and documented.

The above actions to terminate the waste pile operations and return the unit to use as a Class II
landfill module will effectively close the waste pile. No postclosure monitoring and maintenance
associated with the waste pile will be necessary, because these activities will be completed for the
Class IT Landfill (DM-9.1).

4.2 Land Treatment Unit

The Land Treatment Unit (LTU) is contained within the permitted footprint of the Class II Landfill.
The LTU measures approximately 22.5 acres and occupies portions of future DM’s 4, 5, and 6. The
LTU is operated only during the dry season. At the conclusion of each season of operation, the soils
beneath the LTU are sampled to verify the depth of the treatment zone. To comply with Title 27
requirements for groundwater separation, one to three feet of soil is first placed over the existing
ground surface prior to biosolids treatment operations.

Upon closure, the remaining biosolids will be removed and properly disposed of, admixed with soil
for use as an operations layer within the construction of different modules or used as ADC. After
determining the depth of the treatment zone, the treatment zone soils will be excavated and properly
disposed of, admixed with soil for use as an operations layer within the construction of different
modules or used as ADC. Construction activities will then commence in the former LTU area to
construct Class II landfill disposal modules.

The above actions to terminate the LTU operations and convert the facility to a landfill will
effectively close the LTU. No postclosure monitoring and maintenance associated with the LTU
will, therefore, be necessary.
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4.3 Closure and Postclosure Costs '. o

WP-9.1 and the LTU will be closed as part of the ongoing development of the Class I Landﬁll The
- 'NWSHRL has already established irrevocable funds for Closure and Postclosure Monitoting and
*+Maintenance of the Class Il Landfill. Title 27 requlres the' operator to estabhsh a fund based on the
max1mum cost of closure at any point in t1me

Currently, NWSHRLI has establlshed a fund based on closing the entire 260-acre landﬁll which
currently contains both WP-9.1 and the LTU. The closure costs presented in Table 8 correspond to
an average unit cost of $83,000/acre. R e RS G

In the event site operations are terminated prior to' déveloping WP-9.1 and thé LTU 4rea into & Class

I landfill, these facilities will be decommissioned. Froin a cost perSpec’uve the worse case scehario
is when WP-9.1 is at capacity in the spring. 'In 2001, NWSHRLI contraéted with @ third patty to
‘haul, spread and dry all of the sludges in WP-9,1, which Was near capaCIty, for a total cost of
$225,000. ‘ , o ¥ :

For early terrnination of site operations scenario, the worse case total decommissioning/closure eosts
for WP-9.1 and the LTU are estimated be to $274,000 as follows: . . ;

e Sludge removal and drying costs are approx1mately $250,000 based on 2001
th1rd party costs to perform th1s work, .

»l:
'

. The sludges w1ll be used as an economical da1ly and intermediate cover for the
most recently active waste disposal areas. Therefore, there is not a net cost:
associating with the disposal of the sludges. N LT o

e The LTU soils, and soil components of the WP-9.1 linet system will be used as
an economical source of daily or intermediate cover of refuse or as a economical
source of cover foundation soils. Therefore, there is not a net cost assoc1at1ng :
with the disposal of the soil materials. : :

e The geosynthetic materials will be removed and hauled to one of the landfill

units for proper disposal. Allowing this work to be completed in one week by

~ five laborers (unit rate of $60/hr), one excavator (unit rate of $200/hr including

operator), and one dump truck (unit rate of $100/hr including driver) results in a
removal and disposal cost of $24,000.

The above total decommissioning/closure costs correspond to a unit rate of $42,000/acre for WP-9.1.
This projected cost ($42,000/acre) is less than'the current closure funding that is in place
($83,000/acre). Therefore, adequate funding of closure activities is in place and a separate closure
fund is not required for WP-9.1 and the LTU..
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EXPLANATION

Groundwater Monitoring Well
Leachate Well
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@  Lysimeter
A Surface Water Sampling Location
A Storm Water Sampling Location
® Gas Probe (See Note 2)

AN Leak Detection Sump

0 600 1200
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NOTES: FEET

1) TOPOGRAPHIC CONTOURS PREPARED USING PHOTOGRAMMETRIC
METHODS BY AERIAL DATA INC. DATE OF PHOTOGRAPHY: MAY 6,
2004.

2) GP—1 THROUGH GP-11 ALREADY IN PLACE. GP-7R, GP-8R, GP-9
THROUGH GP—-17 TO BE INSTALLED AT OR PRIOR TO CLOSURE.

/ PROPERTY BOUNDARY
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FIGUREg
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Conceptual Closure Plan and Details

Large 24x36" drawings  Sheets 1 and 2
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HELP MODEL SIMULATIONS HAY ROAD SANITARY LANDFILL
SOLANO COUNTY, CALIFORNIA

APPENDIX B

B.1  Introduction

This appendix provides a summary of evaluations of the performance of a prescriptive
final cover and engineered alternative final cover systems for the Hay Road Sanitary
Landfill. A HELP (Hydrologic Evaluation of Landfill Performance) Model Version 3.07
simulation of the cover systems was conducted to demonstrate the acceptable
performance of Golder’s engineered alternative design (EAD) final cover, by having an
average percolation through the system equivalent to or lower than that of the
prescriptive final cover system described in California Code of Regulations (CCR) Title
27. HELP simulations for six scenarios were conducted.

- 1. Prescriptive Final Cover: Top Deck

2. Prescriptive Final Cover: Side slope

3. Golder’s Design Alternative Final Cover: Top Deck

4. Golder’s Engineered Altemaﬁv¢ Design Final Cover: Side slope

5. 1993 RDSI Engineered Alternative Design Final Cover: Top Deck

6. 1993 RDSI Engineered Alternative Design Final Cover: Side slope
The top deck and side slopes were used in the evaluation and comparison of the final
cover systems for the landfill. The top deck was evaluated based on a 5 percent slope
which yields a greater amount of percolation than the much steeper side slopes (4H:1V)
and an average drainage length of 250-ft was used. A drainage length of 250-ft was used
for the side slopes as well to compare the performance of the final cover systems. 100
percent of the surface was allowed for runoff. The infiltration results are based on an area
of 1 acre and are presented as attachment A for the prescriptive cover, attachment B for

Golder’s design alternative cover, and attachment C for the RDSI design alternative
cover.

B.2 Description of Cover Systems Evaluated
a) . Prescriptive Cover System

The surficial 1-ft. final cover is assumed to consist of a vegetative clayey silty (ML) soil
layer. The HELP program contains a list of soil types and soil parameters for default

HELP Appendix.doc 1 Golder Associates Inc..



Under the foundation layer is a 150-ft. thick layer of refuse, modeled using the same
parameters as described in the scenario above. (See illustration in Figure B-1)

The layer configuration for Golder’s engineered Alternative design is similar to the top
deck but includes a tri-planar geocomposite for the side slopes and omits the GCL layer.
(See Figure B-2)

¢) 1993 RDSI Design Alternative
The surficial 1-ft. vegetative layer is the same as the previous two cases.

Below the vegetative layer is a 0.06-in. HDPE geomembrane with parameters described
previously.

The HDPE geomembrane overlies a 2-ft thick layer of low permeability soil barrier layer
with the same engineering parameters as in the first scenario.

The soil barrier layer overlies a 1-ft thick foundation layer. It was modeled with
parameter described above.

Below the foundation layer is a 150-ft thick layer of refuse modeled as previously
described. (See Figure B-1)

The RDSI alternative design excludes the HDPE geomembrané on the side slopes. (See
Figure B-2).

The HELP program selected the initial volumetric water content of each layer by
estimating values near steady-state and then running one year of initialization to refine
the estimates before starting the simulations.

B.3 ~ HELP Model Climatological Parameters

The precipitation data was entered from HELP’s default data file for the city of
Sacramento. Temperature and solar radiation data used in the analysis were synthetically
generated using coefficients for Sacramento by the HELP program. The weather data
obtained for Sacramento ranged from 1974 to 1978.

Evaporation data used in the analysis consisted of a value of evaporative depth and
additional site weather entered by.the user. In this analysis the evaporative zone depth
was specified as 12 inches. The soil cover quality for the final cover was specified by the
user as a fair soil. ‘

Golder Associates Inc..
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FIGURE B - 2
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Hay Road Sanitary Landfill
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******************************************************************************

******************************************************************************

* %k
* %
* %k
* %
**-
* %
* %
* %
*k

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

* %
* %
* %
* %
* %
* %
* %
%k
* %

******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

TIME : ]

:25 DATE: 11/ 7/2001

P:\HELPMO~1\HELP3\PRSS.D4
P:\HELPMO~1\HELP3\PRSS.D7
P:\HELPMO~1\HELP3\PRSS.D13
P:\HELPMO~1\HELP3\PRSS.D11
P:\HELPMO~1\HELP3\PRSS.D10
P:\HELPMO~1\HELP3\PRSS . QUT

******************************************************************************

TITLE:

B&J Sanitary Landfill-Prescriptive Final Cover for sideslope

******************************************************************************

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
MATERIAT, TEXTURE NUMBER 9

THICRNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INTTIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

i

"

12.00 INCHES
0.5010 VOL/VOL
0.2840 VOL/VOL
0.1350 VOL/VOL
0.3077 VOL/VOL
0.190000006000E~03 CM/SEC




TYPE 2 - LATERAL DRAINAGE LAVER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20  INCHES
POROSITY = .8500 VOL/VOL
FIELD CAPACITY = .0100 VOL/VOL
WILTING POINT = .0050 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0400 VOL/VOL
EFFECTIVE SAT. HYD. COND. 10.0000000000 CM/SEC
SLOPE = 5.00  PERCENT
DRAINAGE LENGTH 250.0 FEET

il
o oo

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES

POROSITY . = - 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL

0.0000 VOL/VOL
0.199999996000E-12 CM/SEC

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

FML PINHOLE DENSITY = 0.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 2.00 HOLES/ACRE
FML: PLACEMENT QUALITY = 3 - GOOD

LAYER 4

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS = 12.00 INCHES

POROSITY = 0.4270 VOL/VOL
FIELD CAPACITY = 0.4180 VOL/VOL
WILTING POINT- = 0.3670 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.100000001000E-06 CM/SEC



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 14
24.00 - INCHES
0.4790 VOL/VOL
0.3710 VOL/VOL

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT 0.2510 VOL/VOL
INITIAL SOIL WATER CONTENT '0.3710 VOL/¥OL
EFFECTIVE SAT. HYD. COND. = 0.249999994000E-04

Hunu

B

?

TYPE 1'- VERTTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18
1800.00  INCHES
0.671.0 VOL/VOL
0.2920 VOL/VOL

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT 0.0770 VOL/VOL
INITIAL SOIL WATER CONTENT , 0.2920 VOL/VOL
EFFECTIVE SAT. HYD. COND. = '0.100000005000E-02

oo

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 11

THICKNESS = 12.00 INCHES

POROSITY. ' = 0.4640 VOL/VOL
FIELD CAPACITY = 0.3100 VOL/VOL
WILTING POINT = 0.1870 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3100 VOL/VOL

I

EFFECTIVE SAT. HYD. COND. 0.639999998000E-04

TYPE 2 ~ LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21

THICKNESS = = 12.00  INCHES
POROSITY : = 0.3970 VOL/VOL
FIELD CAPACITY 0.0320 VOL/VOL
WILTING POINT 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0320 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.300000012000
SLOPE 2.00 PERCENT

DRAINAGE LENGTH 250.0 FEET

1]

i

14

i

it

I}

CM/SEC .

CM/SEC

CM/SEC

CM/SEC




TYPE 4 - FLEXIBLE MEMBRANE LINER

MATERIAL TEXTURE NUMBER

.06
.0000
.0000
.0000
.0000

THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITTIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML. PINHOLE DENSITY =
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

3 -

0

O O o

0

0.

35

00

2.00
GOOD

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16
12.00

0.4270
0.4180
0.3670
0.4270

THICKNESS =
POROSITY =
FIELD CAPACITY ‘
WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL
0.199999996000E-12 CM/SEC
HOLES/ACRE
HOLES/ACRE

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL
0.100000001000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 9 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 25.%
AND A SLOPE LENGTH OF 250. FEET.

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNCFF
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

83.
100.
1.
12.

(Y]

000

.692
.012
.620
.000

556
556

.Q0

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR



EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTATNED FROM
SACRAMENTO CALIFORNTA

P

i

STATION LATITUDE =
MAXTMUM LEAF AREA INDEX ( 1.00
START OF GROWING SEASON (JULIAN DATE) 73
END OF GROWING SEASON (JULIAN DATE) = 319
EVAPORATIVE ZONE DEPTH

38.40 DEGREES

12.0 INCHES

AVERAGE ANNUAL WIND SPEED ‘ '8.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 77.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 60.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY =- 55.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 73.00 %
NOTE: PRECIPITATION DATA FOR 'SACRAMENTO CALIFORNIA

-WAS ENTERED FROM THE DEFAULT DATA FILE.

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR SACRAMENTO CALIFORNIA‘

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)‘

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
45.30 50.30 53.20 58.20 64.90 71.20
75.60 74 .70 71.70 63.90 53.00 45,60

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR’ SACRAMENTO CALIFORNIA

AND STATION LATITUDE = 38.40 DEGREES

****************************-*****'k*************************’********************

ANNUAL TOTALS FOR YEAR 1974

INCHES CU. FEET

* PRECIPITATION “ _-;;?;;f 'Eéééé*éié
RUNOFF : 0.007 24.046
11.880 43124.156

EVAPOTRANSPIRATION

- -...........-._....-....--.-...-......._..._.._.....-..._—_...._.__.-_._.-._.4.-.-...._-..‘..._..._-......—__.—.



DRAINAGE COLLECTED FROM LAYER 2 3.2723 11878.482 21.59

PERC./LEAKAGE THROUGH LAYER 4 0.000001 0.003 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0008

DRAINAGE COLLECTED FROM LAYER 8 0.0000 0.002 0.00
PERC./LEAKAGE THROUGH LAYER 10 0.000000 0.001 0.00
AVG. HEAD ON TOP OF LAYER 9 0.0000

CHANGE IN WATER STORAGE 0.001 4.210 0.01
SOIL WATER AT START OF YEAR 552.556 2005778.000

SOIL WATER AT END OF YEAR 552.557 2005782.120

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 -0.083 0.00

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1975

INCHES CU. FEET PERCENT
PRECIPITATION 1318 47843.406  100.00
RUNOFF ‘ 0.061 220.422 0.46
EVAPOTRANSPIRATION 8.510 30892.170 64.57
DRAINAGE COLLECTED FROM LAYER 2  5.2015 18881.283 39.46
PERC./LEAKAGE THROUGH LAYER 4 0000001 0.005 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0013
DRAINAGE COLLECTED FROM LAYER 8 0.0000 0.003 0.00
PERC./LEAKAGE THROUGH LAYER 10 0.000001 0.002 0.00
AVG. HEAD ON TOP OF LAYER 9 0.0000
CHANGE IN WATER STORAGE -0.592 -2150.438 -4.49

SOIL WATER AT START OF YEAR 552.557 2005782.120



SOIL WATER AT END OF YEAR o 551.965 ~ 2003631.750,.

SNOW WATER AT START OF YEAR 0.000 .~ . .0.000. - 0,00
SNOW WATER AT END OF YEAR 0.000 - 0.000 ... 0.00

ANNUAL WATER BUDGET BALANCE _ 0.0000 . ~0. 034‘1 . Q.00

*******************************************************************************

ek kR kR KRR KRR o R e ko Rk ek e Rk ek e KR ok e ko ok ok ke ok T e o

- ANNUAL TOTALS FOR' YEAR 1976

-r—...——...__.._._-.._....._..._..__..._......_..__..._——..--_.._...____...._-....._—__...—.-__.—___..___——__—--._—_-,.

| : INCHES CU. FEET PERCENT

| PREQIPITATION' - - .25 *22687.500 " 100.00
RUNOQFF . R TERE e . 0.000 . 0.000 "‘30Q0d' 
EVAPOTRANSPIRATION - - ° - " g aag " 23398.268  103.13
DRAINAGE COLLECTED FROM LAYER 2 0.3928 1425.724 6.28
PERC./LEAKAGE THROUGH LAYER 4 0.000000 . 0.001 o.odl
AVG. HEAD ON pr OF iAYER 3 ) 0.0001

DRAINAGE COLLECTED FROM LAYER: g8 o.bdoo | ; 0.000 . 0.00
PERC . /LEAKAGE fHRoﬁGH LAYER 10 ‘ | 0.000000 0.001 . 0.00
AVG. HEAb‘ON TOP OF LAYER 9 o 0.0000

CHANGE IN WATER STORAGE - -0.589 -2136.480  -9.42
SOIL WATER AT START‘oﬁ YEAR 551.965 2003631.750

SOIL WATER AT END OF‘YEAR }' » 551.376 2001495.250

SNow'ﬁAmER AT éTART OF YEAR - o 0.000 , ‘ 0.000 . 0.00
SNOW WATER AT END OF YEAR o 0.000 0.000  0.00
ANNUAL WATER BUDGEf'BALANCE 0.0000 -0.013 0.00

*******************************************************************************

HARK R ARk I IR R TR H IR R Rk Tk hkdd Rk Rk khh ok kg deok ok sk ok ok o ook ok ok ok o ok o ok Rk ek ok ek

ANNUAL TOTALS FOR YEAR 1977




PRECIPITATION . ' 11.71 42507.312 100.00
RUNOCFF 0.206 748 .664 1.76
EVAPOTRANSPIRATION 7.381 26793 .941 63.03
DRAINAGE COLLECTED FROM LAYER 2 3.1335 11374 .532 26.76
PERC./LEAKAGE THROUGH LAYER 4 0.000001 0.003 0.00
AVG. HEAD ON TOP OF LAYER 3 . 0.0008

DRAINAGE COLLECTED FROM LAYER 8 0.0000 0.002 - 0.00
PERC./LEAKAGE THROUGH LAYER 10 0.000000 0.001 0.00
AVG. HEAD ON TOP OF LAYER 9 0.0000

CHANGE IN WATER STORAGE 0.989 3590.120 8.45
SOIL WATER AT START OF YEAR 551.376 2001495.250

SOIL WATER AT END OF YEAR 552.365 2005085.370

SNOW WATER AT START OF YEAR ' 0.000 0.000 0.00
SNOW WATER AT END OF YEAR ‘ 0.000 A 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 0.053 0.00

khkhkhhhkhkhkhhkhdhkhkhhhhhhhkhkhhhhkkhhhhhhdhhhhkhhhhkkhhkkhhhhhhhhhhdhkhhkhhkhhhhhddhhkhhhddk®
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ANNUAL TOTALS FOR YEAR 1978

PRECIPITATION | 2374 '86176.215  100.00
RUNOFF’ 1.222 4434 .,834 | 5.15

EVAPOTRANSPIRATION 10.802 39209.527 45.50

DRAINAGE COLLECTED FROM LAYER 2 12.6143 45789.785 53.14

PERC./LEAKAGE THROUGH LAYER 4 0.000003 0.010 0.00

AVG. HEAD ON TOP OF LAYER 3 0.0036

DRAINAGE COLLECTED FROM LAYER 8 0.0000 0.007 0.00



PERC. /LEAKAGE THROUGH 'LAYER 10 0.000001 ' 0.002 - 0.00

AVG, HEAD ON TOP OF LAYER 9 .  0.0000

CHANGE IN WATER STORAGE o -0.898 -3258.995 ‘-3.78‘
SOIL WATER AT START OF YEAR | 552.365 _2005085.3§Ov

SOIL WATER AT END OF YEAR ; | 551.468 ‘2061825.3E0

SNOW WATER AT START OF YEAR . 0.000 | Q;dOO‘ ” 0.60:
SNOW WATER AT END OF YEAR . _ | 0.000 0.0dO | O.QO
ANNUAL WATER BUDGET BALANCE : 0.0000 - 0'072  ‘ O.EO

\
B

*******************************************************************************

******************************************************************************f

- AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978

S T o o o o o e M e e o e e e e e e o e - - o on e - o v Am e e = s - . v_ o . .

- - — [ERR P, - . - - - -

PRECTPITATION
TOTALS 3.00 2.62 2.47 1.16 0.23  0.11
0.17 0.18 0.32 0.67 1.32 1.79
STD. DEVIATIONS 3.66 1.75 1.57 0.89 0.42 0.22
0.35  .0.28  0.33 - 0.90 1.21 1.72
RUNOFF

TOTALS 0.183 0.056  0.010  0.000 0.000 0.000
: 0.000 0.000 0.000 0.000 0.020 0.030
STD. DEVIATIONS  0.405 0.103 0.014 0.000 0.000 0.000
‘ - 0.000 0.000  0.000 0.000 0.028 0.064

EVAPOTRANSPIRATION .
TOTALS . 0.828  1.348  2.321  1.785  0.494  0.088
0.224 0.135 0.240 0.138 0.500 0.903
STD. DEVIATIONS 0.555 0.470 0.546 0.679 0.365  0.1.04
0.479  0.223 0.219 0.113  0.344  0.639

LATERAL. DRAINAGE COLLECTED FROM LAYER 2




—

TOTALS 2.1913 1.2974 0.5965 0.0079 0.0006 0.0000
0.0000 0.0000 0.0000 0.0000 0.2422 0.5870

STD. DEVIATIONS 3.1983 1.5316 0.6328 0.0095 0.0011 0.0000
0.0000 0.0000 0.0000 0.0000 0.4170 1.0588

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS . 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 . 0.0000 0.0000 0.0000

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 ° 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION/LEAKAGE THROUGH LAYER 10

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -
0.0000 0.0000 0.0000 .0.0000 0.0000 0.0000

AVERAGES 0.0076 0.0041 0.0017 0.0000 0-.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0007 0.0017
STD. DEVIATIONS ' 0.011° 0.0048 0.0018 0.0000 . 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0012 0.0030

DAILY AVERAGE HEAD ON TOP OF LAYER 9
AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
' 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000

.0000 0.0000 0.0000 0.0000
.0000 0.0000 0.0000 0.0000 0.0000 0.0000

o
o
o
o
o
o
o
[@]
o
Q
o

STD. DEVIATIONS

O
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AVERAGE ANNUAL TOTALS & (STD.

.....'.a.....-.,a....._.......___—_..---_.._.._.._.._.__....

DEVIATIONS) FOR YEARS 1974 THROUGH 1978

INCHES CU. FEET PERCENT
PRECIPITATION 14.01 (' 6.368] 50849.0 100.00
RUNOFF 0.299  ( 0.5224) 1085.59 2.135
EVAPOTRANSPIRATION 9.004 ( 2.2871) 32683.61 64.276
LATERAL DRAINAGE COLLECTED 4.92285 { 4.62826) 17869.961  35.14316
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.004 0,00001
LAYER 4 o S
AVERAGE HEAD ON TOD 0.001 (  0.001) .
OF LAYER 3 L e
LATERAL DRATNAGE COLLECTED 0.00000 ( 0.00000) 0.003 . 0.00001
FROM LAYER 8 ‘ a o
PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.002 0.00000
LAYER 10 ' - 2 o B
AVERAGE HEAD ON TOP 0.000 (  0.000)
OF LAYER o R
-0.218  ( 0.7490) -790.12 -1.554

CHANGE IN WATER STORAGE

**************************‘k******‘k**********"k********'*********’*****************




******************************************************************************

PEAK DAILY VALUES FOR YEARS 1974 THRQUGH 1978

(INCHES) (Cu. FT.)
BRECIPITATION C1ss 5662.800
RUNOFF 0.320 1161.3956
DRAINAGE COLLECTED FROM LAYER 2 0.95569 3469.15894
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000000 ﬂfjiiﬂ;;}
———
AVERAGE HEAD ON TOP OF LAYER 3 0.272
MAXIMUM HEAD ON TOP OF LAYER 3 0.228 i
LOCATION OF MAXIMUM HEAD IN LAYER 2
(DISTANCE FROM DRAIN) 1.3 FEET
DRAINAGE COLLECTED FROM LAYER 8 0.00000 0.00055
PERCOLATION/LEAKAGE THROUGH LAYER 10 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 9 0.000
MAXIMUM HEAD ON TOP OF LAYER 9 0.000
LOCATION OFAMAXIMUM HEAD IN LAYER 8
(DISTANCE. FROM DRAIN) 0.0 FEET
SNOW WATER 0.79 2855.3328
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4028
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1350

**% 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
Vol. 119, No. 2, March 1993, pp. 262-270.
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******************************************************************************

"FINAL WATER STORAGE AT END OF YEAR 1978

'''''' e e ey T
1 alsoss 0.2175
2 0.0020 ~0.0100
3 0.0000 ~ 0.0000
4 Y»;‘ 5.1240 ,6.4279
5 o 8.9040 - 0.3710
6 | 525.6000 ;.b.észo_
7 : 3.7200 0.3100
8 . 0.3860 0.0320
9 : 0.0000 ' "6.0006
10 : 5.1240 0.4270
SNOW WATER 6.000 |

******************************************************************************
******************************************************************************




******************************************************************************
******************************************************************************

* % . * %
* % ) . * %
* % HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE * %
* HELP MODEL VERSION 3.07- (1 NOVEMBER 1997) *%
* ok DEVELOPED BY ENVIRONMENTAL LABORATCRY *k
*x USAE WATERWAYS EXPERIMENT STATION * %
*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY * %k
* % * %
* %k o %k

******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE: P:\HELPMO~1\HELP3\BJPRE.ﬁ4

TEMPERATURE DATA FILE: P:\HELPMO~1\HELP3\BJPRE.D7

SOLAR RADIATION DATA FILE: P:\HELPMO~1\HELP3\BJPRE.D13
EVAPOTRANSPIRATION DATA: P:\HELPMO~1\HELP3\BJPRE.D11
SOIL AND DESIGN DATA FILE: P:\EELPMO~1\HELP3\BJPRE.DL0
OUTPUT DATA FILE: P: \HELPMO~1\HELP3\BJPRE .OUT
TIME : 9:18 DATE: 11/ 7/2001

*****************************************************f************************

TITLE: B&J Sanitary Landfill—Prescriptive Final Cover, Top Deck

Awy Emiom EAK Tof JECK

******************************************************************************

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
MATERIATL TEXTURE NUMBER 9

THICKNESS = 12.00 INCHES

POROSITY = 0.5010 VOL/VOL
FIELD CAPACITY = 0.2840 VOL/VOL
WILTING POINT = 0.1350 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3622 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.190000006000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80
' FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.



TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = .0000 VOL/VOL
FIELD CAPACITY = .0000 VOL/VOL
WILTING POINT . .0000 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.199999996000E~12 CM/SEC
FML: PINHOLE DENSITY 0.00 HOLES/ACRE
FML, INSTALLATION DEFECTS 2.00 HOLES /ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LI T}
O oo

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 16

THICKNESS = 12.00 INCHES
POROSITY = 0.4270 VOL/VOL

FIELD CAPACITY 0.4180 VOL/VOL
WILTING POINT 0.3670 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.4094 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.100000001000E-06 CM/SEC

[

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 14

THICKNESS = 24.00 INCHES
POROSITY 0.4790° VOL/VOL

FIELD CAPACITY 0.3710 VOL/VOL
WILTING POINT . 0.2510 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3710 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.249999994000E-04 CM/SEC

il

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18



THICKNESS .= 1800.00 INCHES

POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY .2920 VOL/VOL
WILTING POINT .0770 VOL/VOL
INITIAL SOIL WATER CONTENT' .2920 VOL/VOL

L ]
O © O

EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
LAYER 6
TYPE 1 -~ VERTICAL'PERCOLATION LAYER -
, . MATERIAL TEXTURE NUMBER 11
THICKNESS . = 12.00 INCHES'
POROSITY S = 0.4640 VOL/VOL
FIELD CAPACITY = 0.3100 VOL/VOL
WILTING POINT : = 0.1870 VQL/VOL
INITIAL SOIL WATER CONTENT = 0.3100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.639999998000E-04 CM/SEC
LAYER 7
TYPE 2 - LATERAT, DRATINAGE LAYER
MATERIAL TEXTURE NUMBER 21
THICKNESS SR = 12.00 ' INCHES
POROSITY . : = 0.3970 VOL/VOL
FIELD CAPACITY = 0.0320 VOL/VOL
WILTING POINT = 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.300000012000 CM/SEC
SLOPE = 2.00  PERCENT
DRAINAGE LENGTH = '250.0 FEET
LAYER 8
. TYPE 4 - FLEXIBLE MEMBRANE LINER:
: MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.06 INCHES
POROSITY = "0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY = 0.00 HOLES/ACRE

ir

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

i

3 - GOOD

"2.00 HOLES/ACERE



TYPE 3 - BARRIER SOIL' LINER
NUMBER 16

MATERIAL TEXTURE
THICKNESS =
POROSITY

FIELD CAPACITY

WILTING POINT

INITTAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

12.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL
0.4270 VOL/VOL

0.100000001000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 9 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 5.%
AND A SLOPE LENGTH OF 250.

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

FEET.

82.30

100.0 PERCENT
1.000 ACRES
12.0 INCHES
4.346 INCHES
6.012 INCHES
1.620 INCHES
0.000 INCHES

552.990 INCHES

552.990 INCHES
0.00 INCHES/YEAR

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
SACRAMENTO CALIFORNIA

STATION LATITUDE

= 38.40 DEGREES

MAXIMUM LEAF AREA INDEX = 1.00
START OF GROWING SEASON (JULIAN DATE) = 73

END OF GROWING SEASON (JULIAN DATE) = 319

EVAPORATIVE ZONE DEPTH

12.0 INCHES

AVERAGE ANNUAL WIND SPEED = 8.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 77.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 60.00 %

AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 55.00



AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 73.00 %

NOTE: FRECIPITATION DATA FOR SACRAMENTO o CALIFORNIA
WAS ENTERED FROM THE DEFAULT DATA FILE

NOTE : TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR SACRAMENTO B . CALIFORNIA

Py

NORMAT: ‘MEAN MONTHLY TEMPERATURE (DEGREES EAHRENHEIT)

JAN/JUL FEB/AUG MAR/ SEP APR/OCT MAY/Nov JUN/DEC
45.30 50.30 53.20 58.20 64.90 71.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USTNG
COEFFICIENTS FOR SACRAMENTO  CALIFORNIA
AND STATION LATITUDE = 38. 40 DEGREES‘

*******‘k*************************'******************;**********************.Tk****

ANNUAL TOTALS FOR YEAR 1974

_-_..___._...-.._...__..-._.._—..-.—.._———....._..__....-....._.........__........__..——__.-...___......_.___.-.._.._._..__......—.._.

INCHES CU. FEET PERCENT
PRECIPTTATION | © is.6 - ssozo.e1z 100.00
RUNOFF e _ o 1.196 4342.410 7.89
 EVAPOTRANSPIRATION : : 13.893 50430.422  91.64
PERC./LEAKAGE THROUGH LAYER 2 0.001460 5.301 0.01
AVG. HEAD ON TOP OF LAYER éE” | 3.6407
DRAINAGE COLLECTED FROM LAYER 7 - 0:0015 ‘;EH 5,291 0.01
PERC./LEAKAGE THROUGH LAYER 9 0.000001 ~ 0.005 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE : 6:070 o © 252.576 0.46
SOIL WATER AT START OF YEAR ~ 558.006 - 2025563 .250
SOIL WATER AT END oﬁ YEARE\ . 'B58,076 2025815.870

SNOW WATER AT START OF YEAR 0.000 0.000 0.00



SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

0.000

0.0000

0.000

0.110

0.00

0.00
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ANNUAL TOTALS FOR YEAR 1975

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE TﬁROUGH LAYER 2
AVG. HEAD ON TOP OF LAYER 2
DRAINAGE COLLECTED FROM LAYER 7
PERC./LEAKAGE THRéUGH LAYER 9
AVG. HEAD ON TOP-OF LAYER 8
CHANGE IN WATER STORAGE

SOIL. WATER AT START OF YEAR
SOIL WATER AT END OF YEAR
SNOW WATER -AT START OF YEAR
SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

10.830

0.001256

3.1396

0.0013

0.000002

0.0000

-1.104

558.076

556.972

0.000

0.000

0.0000

47843 .406
12532.419
39313.949

4.559

4.583

0.005

-4007.534
2025815.870

2021808.250

0.000

0.000

-0.014

-8.38

0.00
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ANNUAL TOTALS FOR YEAR 1976

PRECIPITATION

22687.500

100.00



RUNOFF . ' 0.000
EVAPOTRANSPIRATTON A 7.060
PERC./LEAKAGE THROUGH LAYER 2 A 0;000411
AVG. HEAD ON TOP OF LAYER 2 0.9580
DRAINAGE COLLECTED FROM LAYER .7 , 10.0004
PERC. /LEAKAGE THROUGH LAYER 9 - 0.000001
AVG. HEAD ON TOP OF LAYER ' 8 : | ‘oibooo |
CHANGE IN WATER STORAGE | - =0.810
SOIL ﬁATER AT START oﬁ YEAR |  556.972
SOIL WATER AT_EﬁD‘Of vEAR - :" 556.162
SNOW WATER AT STA#T‘OF.YEAR l“ 0.000
SNOW ﬁATER AT Eﬁn dﬁ YEAR | o 0.000
ANNUAL WATER BUDGET BALANCE | 0.0000

0:000

25626.166"

1,493

1.503

0.004

-2940.291

2021808.250

2018868.000

0.000

0.000

0.118

112.95

-12.96

0.00

0.00

0.00
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ANNUAL TOTALS FOR YEAR 1977

e el el I T e T e T I e R

INCHES

PRECIPITATION . .+ C f~£;~;£—
RUNOFF : AN N 0.236
EVAPOTRANSPIRATION - o . 8.061
PERC./LEAKAGE_THROUGH iAYER‘ 2 s ©“0.000466
AVG. HEAD ON TbP OF LAYER 2 1.0931
DRAINAGE COLLECTED FROM LAYER 7 . 0.0004
PERCj/LEAKAGE THRdﬁGH LAYER 9 0.00000;
AVG. HEAD ON TOP OF LAYER 8 ' | -}0;6000
CHANGE INlWATER STéﬁAGE o 3.412

SOIL WATER AT START OF YEAR 556.

162

42507.312

855.637.

-29262.873

1.692

1.566

0.005

12387.286

2018868.000

- —— -

29.14



SOIL WATER AT END OF YEAR 559.574 . 2031255.250

SNOW WATER AT START OF YEAR 0.000 l ' 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 . 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 -0.053- 0.00

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1978

INCHES CU. FEET PERCENT
PRECIPITATION 2374 ‘86176.215  100.00
RUNOFF ] 12.874 46733.805 54.23
EVAPOTRANSPIRATION 12.898 46819.562 54 .33
PERC./LEAKAGE.THROUGH LAYER 2 0.001703 6.181 0.01
AVG. HEAD ON TCP OF LAYER 2 _ 4.2644
DRAINAGE COLLECTED FROM LA?ER 7 0.0017 - 6.252 0.01
PERC. /LEAKAGE THROUGH ﬂAYERv 5 0.000002 0.006 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE | -2.034 ; -7383.408 -8.57
SOIL WATER AT START OF YEAR 559.574 2031255.250
SOIL WATER AT END OF YEAR 557.540 2023871.870
SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 - 0.06
ANNUAL WATER BUDGET BALANCE 0.0000 v 0.001 0.00

*******************************************************************************

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978



PRECIPITATION
TOTALS 3.00  2.62 2,47 .  1.16 0.23  0.11
o 0.17  0.18 0.32 0.67 1.32 1.79
STD. DEVIATIONS 3.66 1.75. 1.57 0.89 0.42 0.22
0.35 0.28 0.33 0.90 1.21 1.72
RUNOFF
TOTALS 1.900 ' 1.008 0.593 0.000 0.000  0.000
e - o 0.000 0,000 0.000 0.000 0.010 0.040
STD. DEVIATIONS © 3.657  '1.483 0.798 0.001 0.000.  0.000
SR ; ‘ ' 0.000 ~'0.000 0.000 0.000 0.016 0.088
EVAPOTRANSPIRATION
TOTALS s 0.787 * 1.321  2.299 1.837 17081 ' '1.228
0.166 0.176 0.224 0.166 0.413. . 0.850.
STD. DEVIATIONS 0.533 0.542 0.495 0.706  0.113  0.800
0.349  0.283 0.210 0.148 0,201 " 0.577
PERCOLATION/LEAKAGE THROUGH LAYER 2
TOTALS X 0.0002 ' ©0.0002 © 0.0002 0.0002 0.0001 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0001

o

STD. DEVIATIONS 0.0002 0.0001 .OObl 0.0001 0.0001 | .0.0000
: ‘ ‘ 0.0000 0.0000 0.0000 g.0000 0.0000  0.0001

LATERAL DRAINAGE COLLECTED FROM LAYER 7
TOTALS o 0.0002 0.0002 0.0002 0.0002 0.0001 0.0000
0.0000 0.0000 0.0000 0.0000 079000 0.0001

STD. DEVIATIONS 0.0002 0.0001 0.0001 0.0001 0.0001 0.0000
: 0.0000 '0.0000 0.0000 0.0000 ~ 0.0000 0.0001

PERCOLATION/LEAKAGE THROUGH LAYER 9

/TOTALS . : 0.0000 " -0.0000 0.0000 0.0000 0.0000 ~ 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

e e e e e e e ot o e o o o s e i o o on S T o o e e e e ek e St e e o i P a t o e e o




DAILY AVERAGE HEAD ON TOP OF LAYER 2

AVERAGES 5.5626
0.0000
STD. DEVIATIONS 4.9905
0.0000

AVERAGES 0.0000
0.0000

STD. DEVIATIONS 0.0000
- 0.0000

0.0000
0.0000

7.1645
0.0000

3.6620
0.0000

0.0001
0.0000

o

.0000
0.0000

5.1892
0.0000

2.3437
0.0000

0.0000
0.0000

0.0000
0.0000

.6908
.2441

.7634
.5039

.0000
.0000

.0000
.0000

0.9983
2.3466

0.9563
1.9061

0.0000
0.0000

0.0000
0.0000

khkkdhkdhdhkhkkhhhdhdhhhhkrohkhdhhhkhkhhhkdkhhhdhhrkhdddhkddhdrhrdhrdhxdbdhhkdhrhddbdhihdhhkxhxk®
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978

5.3870)

2.9640)

0.00059)
1.509)

0.00060)
ojopooo)

0.000)

INCHES
PRECIPITATION 14.01 (
RUNOFF 3.552 (
EVAPOTRANSPIRATION 10.548 (
PERCOLATION/LEAKAGE THROUGH 0.00106 (
LAYER 2
AVERAGE HEAD ON TOP 2.619 (
OF LAYER 2 '
LATERAL DRAINAGE COLLECTED 0.00106 (
FRCOM LAYER 7 ‘
PERCOLATION/LEAKAGE THROUGH 0.00000 ¢
LAYER 9 :
AVERAGE HEAD ON TOP 0.000 (
OF LAYER 8
CHANGE IN WATER STORAGE -0.093 (

2.0287)

50849.0
12892.85
38290.59

3.845

3.839

0.005

-338.27

‘25.355
75.302

0.00756

0.00755

0.00001

-0.665

khkhhhkhdkhkhhhdkikhrhkbhhkhhhhhhhkhdhhhhhdhhhhkhdhdidhhdhkdrXkdhddkhhhhhkdddhdhrhrhhdrdrhdhhhdr



******************************************************************************

’J

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978

...—_...—_...._.-_..—..-—-.-.-._.._-...—.......—....._-...—_...—_-.._................................._..........-—_-_-.——

‘ (INCHES) (Cu. 1))
eRECIPITATTON "v'if_;_;”f"j  see2,800
RUNOFF - : o 1.444 | 5240.9170
 PERCOLATION/LEAKAGE THROUGH LAYER 2 0.000013 | TMWEMEZFEEJ
AVERAGE HEAD ON TOP OF LAYER.'2 o 12;Qod o
) DRAINAGE COLLECTED FROM LAYER 7 | @;boqq; ) 0.04719
‘PERCOLATION/LEAKAGE THROUGH LAYER 9 0.000000 0.00003
AVERAGE HEAD ON TOP OF LAVER 8 | ~0.000
:MAXIMUM HEAD ON TOP OF LAYER 8 - 0.003
LOCATION OF MAXIMUM HEAD IN LAYER 7-H_
(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER .= o 0.79 2855.3328
MAXTMUM VEG.VSOIi WATER (VOL/VOL) i | 0.5010

MINIMUM VEG. S0IL WATER (VOL/VOL) 0.1350

**%  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
Vol. 119, No. 2, March 1993, pp. 262-270.

******************************************************************************1




*****************************************************************;************

FINAL WATER STORAGE AT END OF YEAR 1978

LAYER (INCHES) (VOL/VOL)
1 3799 0.3233
2 0.0000 0.0000
3 4.9125 0.4094
4 8.9040 0.3710
5 -'525.6000 0.2920
6 3.7200 0.3100
7 0.3840 0.0320
8 0.0000 0.0000
9 5.1240 10.4270

SNOW WATER 0.000

******************************************************************************
N
} ******************************************************************************



Attachment B



******************************************************************************

******************************************************************************

* % & %

*%k -

k%

*%  HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *k
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *%
** DEVELOPED BY ENVIRONMENTAL LABORATORY . Rk
**x USAE WATERWAYS EXPERIMENT STATION *k
* & FOR USEPA RISK REDUCTION ENGINEERING LABORATORY Ll

&k
* %

* &

* %
Fhhkhdhhkhkhhhhhhhhhhhhhhhkhhdhhhd b b hhdrdhhhhkhhhhhdhdhhrdhhhhhrhhhhrkrhrhdkhdrrn
*****************************ﬁ************************************************

PRECIPITATION DATA FILE: P: \HELPMO~1\HELP3\B&J .D4
TEMPERATURE DATA FILE: P: \HELPMO~1\HELP3\B&T.D7
SOLAR RADIATION DATA FILE: P:\HELPMO~1\HELP3\B&J.D13
EVAPOTRANSPIRATION DATA: P:\HELPMO~1\HELP3\B&J.D11
SOIL AND DESIGN DATA FILE: P:\HELPMO~1\HELP3\B&J.D10
OUTPUT DATA FILE: P: \HELPMO~1\HELP3\B&J.OUT
"TIME: 9:16 "DATE: 11/ 7/2001

R R e L Y T T R P L TR R X L X 2

TITLE: B&J Sanitary Landfill - Golder EAD Final Cover,Top Deck

hhhdhkkdddhdekdhhhkhhhhhhhdhhhdhhhhkhhhhkdhhhhhhhhrhbhhdhhhdbhdhdhddhhhbhdhrdhhrhdrrk

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 9

THICKNESS = 12.00 INCHES

POROSITY = 0.5010 VOL/VOL
FIELD CAPACITY = 0.2840 VOL/VOL
WILTING POINT = 0.1350 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3622 VOL/VOL

i

EFFECTIVE SAT. HYD. COND. 0.190000006000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.



TYPE 4 - FLEXIRLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = .0000 VOL/VOL

FIELD CAPACITY = .0000 VOL/VOL
WILTING POINT = .0000 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.199999996000E-12 CM/SEC

It
[=~Ne}

FML PINHOLE DENSITY ' = 0.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 2.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LAYER 3

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS = 0.25 INCHES

POROSTITY = 0.7500 VOL/VOL

FIELD CAPACITY = 0.7470 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 PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 14

THICKNESS 1l2.00 INCHES
POROSTTY = 0. 4790 VOL/VOL

FIELD CAPACITY = 0.3710 VOL/VOL
WILTING POINT = 0.2510 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3710 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.249999994000E-04 CM/SEC

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18



THICKNESS = 1800.00 INCHES

POROSITY .6710 VOL/VOL
FIELD CAPACITY .2920 VOL/VOL
WILTING POINT .0770 VOL/VOL
INITTAL SOIL WATER CONTENT .2920 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.100000005000E-02

womounn
(==l ol =)

. TYPE 1'-.VERTICAL PERCOLATION LAYER

- ‘MATERIAL TEXTURE NUMBER 11
THICKNESS L EEp = ‘
POROSITY S = 0.4640 VOL/VOL
FIELD CAPACITY 0.3100 VOIL/VOL
WILTING POINT 0.1870 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3100 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.639999998000E-04

nou

i

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21
12.00  INCHES
0.3970° VOL/VOL
0.0320 VOL/VOL
0.0130 VOL/VOL
0.0320 VOL/VOL
0.300000012000
2.00  PERCENT
250.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITTIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

il

il

| I I I 1|

1]

—-—— i = -

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY .0000 VOL/VOL
FIELD CAPACITY .0000 VOL/VOL
WILTING POINT .0000 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.199999996000E-12
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS"
FML PLACEMENT QUALITY = 3 - GOOD

B onoun o onou
o O O

i

12.00  INCHES

CM/SEC

CM/SEC

CM/SEC

CM/SEC

0.00 HOLES/ACRE
2.00 - HOLES/ACRE



TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS = 12.00 - INCHES
POROSITY = '0.4270 VOL/VOL
FIELD CAPACITY = 0.4180 VOL/VOL
WILTING POINT = . 0.3670 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL

EFFECTIVE SAT. HYD..COND. = 0.100000001000E-06 CM/SEC

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 9 WITH A
FATR STAND OF GRASS, A SURFACE SLOPE OF 5.%
AND A SLOPE LENGTH OF 250. FEET.

SCS RUNOFF CURVE NUMBER = 82.30

FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES
EVAPORATIVE ZONE DEPTH . 12.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE 4.346 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE 6.012 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE 1.620 INCHES
INITIAL SNOW WATER ' o= 0.000. INCHES
INTTIAL WATER IN LAYER MATERIALS 543.813 TINCHES
TOTAL INITIAL WATER ‘ = 543.813 INCHES
TOTAL SUBSURFACE INFLOW 0.00 INCHES/YEAR

fl

L[}

1

1}

NOTE: EVAPCTRANSPIRATION DATA WAS OBTAINED FROM
SACRAMENTO CALIFORNIA

STATION LATITUDE

il

38.40 DEGREES

MAXIMUM LEAF AREA INDEX = 1.00

START OF GROWING SEASON (JULIAN DATE) = 73

END OF GROWING SEASON (JULIAN DATE) = 319
EVAPORATIVE ZONE DEPTH = 12.0 INCHES
AVERAGE ANNUAL WIND SPEED = 8.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 77.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 60.00 %

o\°

AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 55.00



AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 73.00 %

NOTE: PRECIPITATION DATA FOR SACRAMENTO CALIFORNIA
WAS ENTERED FROM THE DEFAULT DATA FILE. :

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING‘
COEFFICIENTS FOR SACRAMENTO v CALIFORN;A

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC

45.30 50.30 53.20 58.20 64.90 71.20
75.60 74.70 71.70 63.90 53.00 45.60

NOTE: SOLAR RADIATION DATA WAS QYNTHETICALLY GENERATED USING‘
COEFFICIENTS FOR SACRAMENTO ' CALIFORNIA
AND. STATION LATITUDE - = 38.40 DEGREES '

**********'k**************************************************‘**************:****

T T T e e e e e e e e e e e e o e 6 e e A e e o S b v o o o e e S m e o —

INCHES CU. FEET PERCENT
PRECIPITATION | T1s.16 55030.812  100.00
RUNOFF o 1.197 4344.367 7.89
EVAPOTRANSPIRATION 13.894 - 50434.762 91.65
PERC./LEAKAGE THROUGH LAYER 3 0.000495 1.796 0.00
AVG. HEAD ON TOP OF LAVER 2 - 3.6351
DRAINAGE COLLECTED FROM LAYER 7 “.0.0005- ¢ 1.789 0.00
PERC./LEAKAGE THROUGH LAYER 9 : 0.000001 | ‘ofqos>__ 0.00
AVG. HEAD ON TOP bFnLAYER‘ s 0.0000 |
CHANGE IN WATER STORAGE - 0.069 - 250.139 0.45
SOIL WATER AT START OF YEAR 543.813°  ° 1974042.750
SOIL WATER AT END OF YEAR  543.882 1974292.870

SNOW WATER AT START OF YEAR 0.000 0.000 0.00




0.000

SNOW WATER AT END OF YEAR 0.000 0.00

ANNUAL WATER BUDGET BALANCE -0.0001 -0.247 0.00

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1975

T T T T T T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e . e - —— s o

INCHES CU. FEET PERCENT
PRECIPTTATTON 138 47843.406  100.00
RUNOFF 3.452 12529.057 26.19
EVAPOTRANSPIRATION 10.831 39317.676 82.18
PERC./LEAKAGE THROUGH LAYER 3 0.000419 1.522 0.00
AVG. HEAD ON TOP OF LAYER 2 3.1393
DRAINAGE COLLECTED FROM LAYER 7 0.0004 1.525 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.005 0.00
AVG. HEAD ON TOP OF LAYER 8 ' 0.0000
CHANGE IN WATER STORAGE -1.103 -4005.0897 -8.37
SOIL WATER AT START OF YEAR 543.882 l97429é.870
SOIL WATER AT END OF YEAR 542.779 1970287.750
SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00

0.241 0.00

ANNUAL WATER BUDGET BALANCE 0.0001

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1976

PRECIPITATION 6§.25

22687 .500

100.00



RUNOFF S e 0.000 ' 0000 “0.00

EVAPOTRANSPIRATION ' ST g 060 25627.449" 112.96
PERC./LEAKAGE THROUGH IAYER 3 . 0.000094 ~  0.340 0.00
AVG. HEAD ON TOP OF LAYER 2 0.9566

DRAINAGE COLLECTED FROM LAYER 7 0.0001 0.339 0.00
PERC. /LEAKAGE THROUGH LAYER 9 . 0.000001  0.004 0.00
AVG. HEAD ON TOP OF LAYER 8 . :}lo.éood

CHANGE IN WATER STORAGE a ; " 0.810 -2940.291  -12.96
SOIL WATER AT START éﬁ YEAR “‘ 542,773 '1970287.750

SOIL WATﬁR AT END OF QEAR U‘ﬁ‘ 541.969 1967347.500

SNOW WATﬁR AT SfARTﬁoF YEAR “  0.000 4 o'obo‘. 0.00
SNOW WATER AT END OF YEAR w :’ © 0.000 | ;‘6.960“‘,,T9,oo

ANNUAL WATER BUDGET BALANCE 0.0000 0.000 - 0.00

***f***************************************************************************

‘
i

*******************************************************************************'

ANNUAL TOTALS FOR YEAR 1977

- v o e e e e e wm e A e A b ke me A e e Me e T e ww e e A e e e e e e A b G M OM Be G e G A g B3 S e S e e T e ek e e oo

' INCHES CU. FEET PERCENT
PRECIPITATION T T42507.312 100.00
RUNOFF : S 0,237 859.509 - 2.02
EVAPOTRANSPIRATION , 8.061 © 29260.311 68.84
PERC./LEAKAGE THROUGH LAYER '3 '~ ~ % 0.000124" ST 0.4B1 0.00"
AVG. HEAD ON TOP OF LAYER 2 1.0932
DRAINAGE COLLECTED FROM LAYER 7 0.0001 | 0.397 ozqo
PERC. /LEAKAGE THROUGH LAYER A9 | 0.000001 0.005 0.00
AVG. HEAD ON TOP OF LAYER 8 ' ; 010600
CHANGE IN WATER STORAGE: T 3.412 . 12387.286 29.14

SOIL WATER AT START OF YEAR 541.969 1967347.500



SOIL WATER AT END OF YEAR 545.381 1879734.750
SNOW WATER AT START OF YEAR 0.000 0.000
SNOW WATER AT END. OF YEAR 0.000 0.000
ANNUAL WATER BUDGET BALANCE -0.0001 -0.195

0.00
0.00

0.00

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1978

INCHES CU. FEET
PRECIPITATION __;;t;;— -géi;;j;;;
RUNOFF 12.875 46734.957
EVAPOTRANSPIRATION 12.899 46822.004
PERC./LEAKAGE THROUGH LAYER 3 0.000591 2.146

| AVG. HEAD ON TOP OF LAYER 2 4.2644
 DRAINAGE COLLECTED FROM LAYER 7 0.0006 2.178
PERC./LEAKAGE THROUGH LAYER 9 0.000002 0.006

'AVG. HEAD ON TOP OF LAYER 8 0.0000.
CHANGE IN WATER STORAGE -2.034 -7382.964
SOIL WATER AT START OF YEAR ' 5as.381 1979734 .750
SOTL WATER AT END OF YEAR 543.348 1972351.750
SNOW WATER AT START OF YEAR 0.000 0.000
SNOW WATER AT END OF YEAR ' 0.000 : 0.000

ANNUAL WATER BUDGET BALANCE 0.0000 0.043

-8.57

0.00

*******************************************************************************

\\*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS‘1974 THROUGH 1978



) i .

STD. DEVIATIONS"

EVAPOTRANSPIRATION. °

- -

STD. DEVIATIONS

3.00
0.17

0.35

1.900°

0.000

w

.657
- 0.000

' 0.788
0.166

0.533
0.34¢9

_2.62
- 0.18

0.28

1.008
0.000
1,483
0.000

“1.321
0.176

0.542
0.283

PERCOLATION/LEAKAGE THROUGH LAYER - 3

e e e b ot 00 ot o ot n . ot e = = = = e = me em =

STD. DEVIATIONS

LATERAL DRAINAGE COLLECTED

. . M . Se - - e - e . o . e i -

STD. DEVIATIONS

o o e e o o e i b o e o S e o o o b b o e e e o o oy o e am o i iy e n i o ek ara o e ke e e 3 o b o ot e

0.0000
0.0000

0.593

0.000 ~

0.798
0.000

2.299
0.224

0.494
0.210

0.0001
0.0000

0.0001
0.0000

0.0001
0.0000

0.0001
0.0000

0.0000
0.0000

0.0000
0.0000

o

.16 0.23
.67 1.32
.89 0.42
.90 1.21
000 0.000

.000 0.010

.001  0.000
.000  0.016

.840 1.081
166 0.413

.709  0.113
147 0.201

.0001  0.0000
.0000  0.0000

.0000 0.0000.
.0000 -0.0000

.0001 0.0000"
.0000 0.0000

.0000 0.0000
.0000 0.0000°

.0000° 0.0000
.0000 0.0000

.0000  0.0000
.0000 ~ 0.0000

10.000
0.041

 0.000
' 0.088

1.225
0,850

0.799
0.578

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

L



DATLY AVERAGE HEAD ON TOP OF LAYER 2

AVERAGES 5.
STD. DEVIATIONS 4.
: 0.

AVERAGES 0.
0.
STD. DEVIATIONS 0.
0

5622 6
0000 0
9906 4
0000 0
0000 0
0000 0
0000 0
.0000 0.

.0000
0000

7.1647
0.0000

3.6620
0.0000

0.0000

0.0000

0.0000
0.0000

5
0

2
0

0
0

0
0

.1816 3.6851
.0000 0.2442

-3397 1.7610
.0000 0.5039

.0000 0.0000
.0000 0.0000

.0000 0.0000
.0000 0.0000

0.9938
2.3472

0.9546
1.9068

0.0000
0.0000

0.0000
0.0000

*******************************************************************************

*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978

PRECIPITATION
RUNOCFF
EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

AVERAGE HEAD ON TOP
OF LAYER 2~

LATERAL DRAINAGE COLLECTED
FROM LAYER 7

PERCOLATION/LEAKAGE THROUGH
LAYER 9

AVERAGE HEAD ON TOP
OF LAYER 8

CHANGE IN WATER STORAGE

10.549

(

0.00034 (

2.618

0.000

0.000

0.000

-0.0893

(

34

00 (
(

(

5

2

2

.3869)
.9645)

.00022)

.508)

.00023)

.00000)

.000)

.0986)

50849.0

12893.58

38292.44

1.251

1l.246

0.005

-338.19

0.00246

0.00245

0.00001

-0.665

*******************************************************************************
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PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978

o (INCHES) (cu. FT.)
precTPTTATION © ise  sesaso0
RUNOFF | Ny o 13444 5240.9457.
‘PﬁRCOLAiIdﬁ/DEAKAGE'TﬁROUéﬁ;ﬁﬂiER 31“ | 0;600005 f0.0194gj
AVERAGE HEAD ON TOP OF LAYER ' 2 © 12.000- o '
DRAINAGE COLLECTED FROM LAYER 7 - 0.00001 - 0.01941
PERCOLATION/LEAKAGE THROUGH LAYER 9 0.000000 0.00003
AVERAGE HEAD ON TOP OF LAYER 8 0.000
MAXIMUM HEAD ON>TOP OF! LAYER 8 . 0.002
LOCATION OF MAXTMUM HEAD IN tAyER 7 .

(DISTANCE  FROM DRAIN) B 0.0 FEET-
| SNOW WATER R Qo 0,79 2855.3328
MAXIMUM VEG. SOIt WATER (VOL/VOL) | 0.5010
MINIMUM VEG. SOIL. WATER (VOL/vOL) 0.1350

*%%  Maximum heads are computedru51ng McEnroe's equatlons whok

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering:
Vol. 119, No. 2, March 1993, pp. 262-270.

******************************************************************************



‘******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 1978

LAYER (INCHES) (VOL/VOL)

1 38801 o.3233
2 0.0000 0.0000
3 0.1875 0.7500
4 - . 4.4520 0.3710
5 525.6000 0.2920
6 3.7200 0.3100
7 0.3840 0.0320
8 0.0000 0.0000
9 5.1240 O.427b

SNOW WATER 0.000

w******************************************************************************
, ******************************************************************************
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* %

* % : !

*E HYDROLOGIC EVALUATION OF LANDFILL, PERFORMANCE
*k HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)
*k DEVELOFED BY ENVIRONMENTAL LABORATORY

*k USAE WATERWAYS EXPERIMENT STATION

*k FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
) % . L

* *

* %
* %
k%
* %

Tk

* %
* %
%k
*%

******************************************************************************

khkkhhdhkhhhrhrhkkhhhhdhhkhhhhhkhkhhdkrdhhhkhhdhhhhhhhhhhrkhkhhhhhdhhhhhidhhhrrhcrrhhnd

"

PRECIPITATION DATA FILE: P:\HELPMO~1\HELP3\GSS . D4
TEMPERATURE DATA FILE: P: \HELPMO~1\HELP3\GSS.D7
SOLAR RADIATION DATA FILE: P:\HELPMO~1\HELP3\GSS.D13
. EVAPOTRANSPIRATION DATA: P:\HELPMO~1\HELP3\GSS:D11
SOIL AND DESIGN DATA FILE: P:\HELPMO~1\HELP3\@SS.D10
OUTPUT DATA FILE: P : \HELPMO~1\HELP3 \GSS. OUT

TIME: 9:23 DATE: 11/ 7/2001

khkkhkhkdrkhdhhhrhhkhhhhhhhhhdohkhhkkhhhhhhhrhkrrhkhhhhhhhhdrhhdhhhdhhrhhrhhrihhhds

TITLE: B&J Sanitary Landfill - Golder EAD Final Cover-Sideslopes

hhkdkhddhhdhdhhhddhhhrkhhhdhhhdhhdrhhdhhhhkhikhhhhrhhhhhdhrdhhhhhhkhkhhhhhhbhhhhhrhhdhdhk

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 9
12.00 INCHES

0.5010 VOL/VOL-:
0.2840 VOL/VOL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT 0.1350 VOL/VOL

INITIAL SOIL WATER CONTENT 0.3096 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.190000006000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
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TYPE 2 - LATERAL DRAINAGE LAYER

MATERIAL TEXTURE NUMBER
0.

THICKNESS =
POROSITY =
FIELD - CAPACITY =
WILTING POINT

INITIAL SOIL WATER CONTENT

L

EFFECTIVE SAT. HYD. COND. =

SLOPE =

DRAINAGE LENGTH =
LAYER 3

0
28

INCHES

0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0121 VOL/VOL

40.0000000000 CM/SEC
25.00 PERCENT
250.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER

MATERIAL TEXTURE NUMB

THICKNESS =
POROSITY

- FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML. PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML, PLACEMENT QUALITY

3

ER 35
0.06
0.

0000

0.0000

0.

0gao

0.0000

00
00

- GOOD

INCHES.

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

0.199999996000E-12 CM/SEC
0.
2.

HOLES/ACRE
HOLES/ACRE"

TYPE 1 - VERTICAL PERCOLATION LAYER

THICKNESS =
POROSITY . =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.

0
0
0
0

MATERIAL TEXTURE NUMBER 14
= 12.
.4790
.3710
.2510
.3710
0.249999994000E-04 CM/SEC

00

INCHES

VOL/VOL
VOL/VOL
VOL /VOL
VOL/VOL



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERTIAL TEXTURE NUMBER 18

THICKNESS = 1800.00  INCHES
POROSITY = " 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL
WILTING POINT = 0,0770 VOL/VOL

0.2920 VOL/VOL
0.100000005000E-02

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

THICKNESS = 122.00  INCHES
POROSITY = 0.3980 VOL/VOL
FIELD CAPACITY = . 0.2440 VOL/VOL

0.1360 VOL/VOL
0.2440 VOL/VOL
0.119999997000E-03

[

WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

“TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21
: ’ 12.00  INCHES
0.3970 VOL/VOL
0.0320 VOL/VOL

THICKNESS
POROSITY
FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

SLOPE

DRAINAGE LENGTH

{1 I 1]

i

0.0320 VOL/VOL
0.300000012000
2.00 PERCENT
250.0 FEET

[}

TYPE 4 - FLEXIBLE MEMBRANE LINER
-+ MATERIAL TEXTURE NUMBER 35

il

THICKNESS
POROSITY
FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

FML PINHOLE DENSITY

FML INSTALLATION DEFECTS

.0000 VOL/VOIL
.0000 VOL/VOL
,0000 VOL/VOL

“(.0000 VOL/VOL
©0.199999996000E-12

it u #
o O O

il

0.0130 VOL/VOL -

0.06 INCHES

cu/sEC

CM/SEC

CM/SEC

CM/SEC

0.00 HOLES/ACRE
2.00 HOLES/ACRE



FML PLACEMENT QUALITY = 3 - GOOD

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 16

THICKNESS = 12.00 INCHES
POROSITY = 0.4270 VOL/VOL
FIELD CAPACITY = 0.4180 VOL/VOL

WILTING POINT .
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.3670 VOL/VOL
0.4108 VOL/VOL
0.100000001000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FRCOM DEFAﬁLT'
SOIL DATA BASE USING SOIL TEXTURE # 9 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 25.%

AND A SLOPE LENGTH OF 250. FEET.

SCS RUNOFF CURVE NUMBER » . = 83.00
FRACTION OF AREA ALLOWING RUNOFF = 100.0
AREA PROJECTED ON HORIZONTAL PLANE = 1.000
EVAPORATIVE ZONE DEPTH = 12.0
INITIAL WATER IN EVAPORATIVE ZONE = 3.715°
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.012
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.620
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERTIALS = 568.852
TOTAL INITIAL WATER = 568.852
TOTAL SUBSURFACE INFLOW = 0.00

EVAPOTRANSPIRATION AND WEATHER DATA

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

SACRAMENTO CALIFORNIA
STATION LATITUDE = 38.40 DEGREES
MAXTMUM LEAF AREA INDEX = 1.00
START OF GROWING SEASON (JULIAN DATE) = 73
END OF GROWING SEASON (JULIAN DATE) = 319
EVAPORATIVE ZONE DEPTH = 12.0 INCHES
AVERAGE ANNUAIL WIND SPEED = 8.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 77.00 %



60.00

AVERAGE 2ND QUARTER RELATIVE HUMIDITY

o° op

AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 55.00
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 73.00 %
NOTE: PRECIPITATION DATA FOR SACRAMENTO CALIFORNIA

WAS ENTERED FROM THE DEFAULT DATA FILE.

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR  SACRAMENTO ~  CALIFORNIA

NORMAL ‘MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
45.30 50.30 53.20 58.20 64.90 71.20

75.60 74.70 71.70 63.90 . 53.00 45.60

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED ysING
COEFFICIENTS FOR  SACRAMENTO ' CALIFORNIA
AND STATION LATITUDE = 38.40 DEGREES ‘

oy

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1974

__________________ e e 6 e e e e o e e e i ek o o e o o b e e o e i e e e . o = -

INCHES CU. FEET PERCENT
PRECIPITATION H 1516 '55030.812 ;;;?5;—
RUNOFF T | 0.009 ' 33.579 0.06
EVAPOTRANSPTRATION 11.922 43277445 78. 64
DRAINAGE COLLECTED FROM IAYER 2 3.2269 11713.797 21.29
PERC./LEAKAGE THROUGH LAYER 3 0.000002 0.008 0.00
AVG. HEAD ON TOP OF LAYER 3 ' 0.0000
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.007  0.00
PERC. /LEAKAGE THROUGH LAYER = 8 0.000000" 0.001  0.00
AVG. HEAD ON TOP OF LAYER 8 . 0.0000
PERC./LEAKAGE THROUGH LAYER 9 0.037542 .  136.276  0.25

CHANGE IN WATER STORAGE ~0.036 -130.276 -0.24




SOIL WATER AT START OF YEAR 578.320 2099302.000

SOIL WATER AT END OF YEAR 578.284 2099171.750

SNOW WATER AT START OF YEAR ' 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER -BUDGET BALANCE 0.0000 -0.015 0.00

*******************************************************************************

***********************************************?*******************************

ANNUAIL. TOTALS FOR.YEAR 1975

INCHES CU. FEET PERCENT
PRECTPITATION 1318 “47843.406  100.00
RUNOFF 0.075 272.352 0.57
EVAPOTRANSPIRATION | ' . 8.512 30897.805 64.58
DRAINAGE COLLECTED FROM LAYER 2 5.1853 18822.469 39.34
PERC./LEAKAGE THROUGH LAYER 3 0.000004 0.013 0.00
AVG. HEAD ON TOP OF LAYER 3 © 0.0001

DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.010 . 0.00
PERC./LEAKAGE THROUGH LAYER 8 0.000001 0.002 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000

PERC. /LEAKAGE THROUGH LAYER 9 0.038658 140.330 0.29
CHANGE IN WATER STORAGE . -0.631 -2289.798 -4.79
SOIL WATER AT START OF YEAR 578.284 2099171.750

SOTL WATER AT END OF YEAR 577.653 2096882.000

SNOW WATER AT START OF YEAR . 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0001 0.239 0.00

*******************************************************************************
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ANNUAL TOTALS FOR YEAR 1976

T e e e e e e e e e e e e e o e e e e s e e e e = o - o - - - " " - -~

( INCHES 'CU. FEET PERCENT

PRECTBITATION - *“ S " 22687.500 100,00
RUNOFF o 0.000 T 0.000 "0.00
EVAPOTRANSPIRATION 6.460 23449.209 103.36
DRAINAGE COLLECTED FROM LAYQR 2 . 0.3976 ,1443.460  6.36
PERC. /LEAKAGE THROUGH LAYER 3 . 0.000000 0.001 0.00
AVG. HERD ON TOP OF LAYER 3 ‘ 0.0000"

DRAINAGE COLLECTED FROM LAYER 7 . 0.0000 0.001 0.00
PERC./LEAKAGE.THRQUQH,LAYER s o.oooodo 0.001 0.00
AVG. HEAD ON TOP OF LAYER 8 . 0.0000

PERCi/LEAKAGE THROUGH LAYER 9 ‘ 0.016070 58.334  0.26
CHANGE IN WATER STOR#GE ‘ . -0.624 - fzzs$.433 -9.9§“‘
 SOIL WATER. AT STAET OF YEAR | 577.653 - 2096;82,600

SOIL WATER AT END OF YEAR . : 577.030 | 2094618.620

SNOW WATER AT S?ART‘OF YEAR - 0.000 ~0.000 0.00
SNOW WATER AT END OF YEAR | vd 0.000 . 0.000 0.00
ANNUAL WATER BUDGET BALANCE o 0.0000 | —0.072‘ " 0.00

hkkhdkkdhhhhhdhhdhhdhhkhhhhhhkkhhkhrhhdhhhhhhdohkhhhhhhhhhddkhhhkhhrhhdhhhdrdhhrhrhrrirs

**************************‘***********‘*‘****************************‘*******‘*‘***** i

ANNUAL TOTALS ‘FOR YEAR 1977

e il i T e i e i T T R R e R ]

INCHES CU. FEET PERCENT
PRECIPITATION - Co11.71 . 42507.312 100.00
RUNOFF : : 0.219 796.434 - 1.87

EVAPOTRANSPIRATION 7.386 26811.742 63. 03




DRAINAGE COLLECTED FROM LAYER 2 3.1057 11273 .576 26.52

PERC./LEAKAGE THROUGH LAYER 3 '0.000002 0.007 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0000

DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.006 0.00
PERC. /LEAKAGE THROUGH LAYER 8 0.000000 0.001 0.00
AVG. HEAD ON TOP OF LAYER 8 . 0.0000

PERC./LEAKAGE THROUGH LAYER 9 0.012816  46.521 0.11
CHANGE IN WATER STORAGE ‘-, 0.986 | 3579.042 8.42
SOIL WATER AT START OF YEAR . 577.030 2094618.620

SOIL WATER AT END OF YEAR 578.016 2098197.500

SNOW WATER AT START OF YEAR o;opo, 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 -0.007 0.00

*************i*****************************************************************

*******************************************************************************

INCHES CU. FEET PERCENT
PRECTPITATION TR '86176.219  100.00
RUNOFF ' 1.449 5261.665 6.11
EVAPOTRANSPIRATION 10.808 39232.793 45.53
DRAINAGE COLLECTED FROM LAYER 2 12.3827 44949.031 52.16
PERC. /LEAKAGE THROUGH LAYER 3 0.000007 0.027 , 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0002
DRAINAGE COLLECTED FROM LAYER 7 0.0000 ' 0.025 0.00
PERC./LEAKAGE THRQUGH LAYER 8 ' 0.000001 | 0.002 Q.00
AVG. HEAD ON TOP OF LAYER 8 0.0000

PERCﬁ/LEAKAGE THROUGH LAYER @2 0.016103 58.454 0.07



CHANGE IN WATER STORAGE -0.916
SOIL WATER AT START OF YEAR ... 578.016

| SOIL WATER AT END OF YEAR . 577.100
SNOW WATER AT START OF YEAR 0.000
SNOW WATER AT END OF YEAR 0.000
0.0000

ANNUAL WATER BUDGET BALANCE

-3325.801

2098197.500" .

.2094871.750
0,000
0.000

0,054,

~3.86

0.00.

0.00

******************************************************************************* o

*******************************************************************;***********

'AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978

- —— -

PRECIPITATION
TOTALS 3.00 2.62
0.17 0.18
STD. DEVIATIONS 3.66 1.75
0.35 0.28
RUNOFF
TOTALS : 0.213 0.070
0.000 0.000
STD. DEVIATIONS 0.473 0.127
‘ 0.000 ‘0,000
EVAPOTRANSPIRATION
TOTALS 0.827 1.356
0.224 0.134

STD. DEVIATIONS 0.554 0.474
s 0.479 "0.224

LATERAL DRAINAGE COLLECTED FROM LAYER - 2

- e e - e e - - o A e b o b e e e e b A b = e

STD. DEVIATIONS 3.1379 1.5132

2.47
0.32

0.33

0.010
0.000

0.014
0.000

" 2.319
0.240

0.545
0.218

0.5892
0.0000

0.6381
0.0000

1.16 0.23
0.67  1.32
0.89 0.42
0.90 1.21

0.000 0.000
0.000 0.024

0.000 0.000
0.000 0.033

1.788 0.501
0.138 0.499

0.681 0.368

0.114 © -0.343

0.0075  0.0003
0.0000 0.2337

0.0114 0.0004

0.0000 0.4048

0.000
0.033

0.000
0.070.

0.090
0.902

0.106
'0.638

0.0000
0.5805

0.0000
1.0575



PERCOLATION/LEAKAGE THROUGH LAYER 3

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

LATERAL DRAINAGE COLLECTED FROM LAYER 7

TOTALS . 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000  0.0000 0.0000 0.0000

0.06000
-Q.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION/LEAKAGE THROUGH LAYER 9
TOTALS ' 0.0071 0.0044 0.0043 0.0015 0.0004 0.0002

0.0006 0.0002 0.0000 0.0004 0.0018 0.0032

STD. DEVIATIONS 0.0063 0.0026 0.0021 0.0016 0.0004 0.0002
0.0009 0.0005 0.0000 0.0005 0.0024 0.0022

AVERAGES 0.0004 0.0002 0.0001 0.0000 0.0000 0.0000
0.0000 0.00p00 0.0000 0.0000 0.0000 0.0001

STD. DEVIATIONS - 0.0005 0.0003 0.0001 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0001 0.0002

AVERAGES 0.0c00 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.Q000 0.0000 0.0000 0.0000 0.0000

*****************************7\-*************1\'******************************‘k****



********************************%********#*************************************

AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1974 THROUGH 1978

PRECIPITATION

RUNOFF.

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 2

] PERCOLATION/LEAKAGE THROUGH

LAYER 3

. | B (RS

AVERAGE HEAD ON TOP
OF LAYER 3. i [

LATERAL DRAINAGE COLLECTED
FROM LAYER 7

PERCOLATION/LEAKAGE THROUGH
LAYER 8 .

AVERAGE HEAD ON TOP
OF LAYER 8

PERCOLATION/LEAKAGE THROUGH
.LAYER 9

CHANGE IN WATER STORAGE

-0

.00000

.351 '
.018

.85963

.éoo g’
.00000
L00000 *
;QOO C'
.02424

244

( .

2.2968)

1 4.53743)
’o;ooQQQ)
‘o.oodfi_t
0.99996)
’o;ooquf
1 0.000)

0.01273)

0.7586)

'50849.0

1272.81

32733.80

17640.467

'0.011

0.010

0.002

87.983

-886.05

160.00
2.503
64.374

34.69184

0.00002 -

0.,00002

0.60000

0.17303

-1.743

*********************************************************’k*******************_‘k*




******************************************************************************

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978

(INCHES) (CU. FT.)

PRECIPITATION —-;j;; _______ ;;é;t;;;—-
RUNCFF 0.367 1332.0586
DRAINAGE COLLECTED FROM LAYER 2 ‘ 0.964Sé 3502.80786
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.000000 'fajggz;;m
AVERAGE HEAD ON TOP OF LAYER 3 0.005 |
MAXTIMUM HEAD ON TOP OF LAYER 3 0.086
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 0.0 FEET
DRAINAGE COLLECTED FROM LAYER 7 0.00000 ‘ 0.00;06
PERCOLAfION/LEAKAGE THROUGH LAYER 8 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 8 0.000
MAXTMUM HEAD ON TOﬁ OF LAYER 8 0.000
LOCATION OF MAXIMUM HEAD IN LAYER 7

(DISTANCE FROM DRAIN). 0.0 FEET
PERCOLATION/LEAKAGE THROUGH LAYER 9 | 0.000637 2.31097
'SNOW WATER 0.79 2855.3328
MAXTMUM VEG. SOIL WATER (VOL/VOL) 0.4225
MINIMUM VEG. SOIL WATER kVOL/VOL) 0.1350

**% 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
Vol. 119, No. 2, March 1993, pPp. 262-270.

******************************************************************************
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FINAL WATER STORAGE AT END OF YEAR 1978

LAYER (INCHES) (VOL/VOL)
1 2616 o.2181
2 0.0027 10.0100
3 0.0000 | o,doqo,A
4 - | 4.4520 0.3710 , o s
5 525.6000 0.2920
6 29.7680  0.2440
7 0.3840 0.0320 *
8 - - 0.0000 * 70,0000
9 ' 4.8083 U 0.4007°
SNOW WATER - ©0.000

Sk e ke ok ek o ok e e ok v e o ok ok ok o ok o o o S o o ok ok ok ok ok ek o o o ok ok ok o ok S e ok ok ok ek ok o ok ok o e R e R K o ok
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Attachment C
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******************************************************************************
** * %

* % * %

ok HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *k
* & HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) * ok
*¥x DEVELOPED BY ENVIRONMENTAL LABORATORY ok
*x USAE WATERWAYS EXPERIMENT STATION *k
*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY * %
* % *%

d%k

* 'k
Fhkhhkhhhhdhhhhdkhkhhhhhhhhdhhhhhhhhhhhhhhhhhhhhohrhhhhdhrdhhhhhhdrdrrrhbbhrohdhdhs
R e T X TPy

PRECIPITATION DATA FILE: P: \HELPMO~1\HELP3\EMSS.D4
TEMPERATURE DATA FILE: P: \HELPMO~1\HELP3\EMSS.D7
SOLAR RADIATION DATA FILE: P:\HELPMO~1\HEELP3\EMSS.D13
EVAPOTRANSPIRATION DATA: P:\HELPMO~1\HELP3\EMSS.D11

SOIL AND DESIGN DATA FILE: P:\HELPMO~1\HELP3\EMSS.D10
OUTPUT DATA FILE: P: \HELPMO~1\HELP3\EMSS . OUT

TIME: 9:21 DATE: 11/ 7/2001

khkkkkkhhhhhhkkhkhhhdhhhhhhdhhhhhhhdhhhhhhhrhdhrhhrhhhrddkddhhhdhdhdhhhhhhhdhddrhhdhdh ’

Top DECK SEE
TITLE: B&J Sanitary Landfill - 1993 RDSI-Final Cover, Side-slopes , iC{Qg 2Ds/

Khkkhkkhhhhhhhhhkhhhhhkhhhdhhhhhhhhhhhrdrrhdhhrhohhhhdrhdhdhhddhhddrdhdhddhhhhhhk

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 9
12.00 INCHES

0.5010 VOL/VOL
0.2840 VOL/VOL

i

THICKNESS.

POROSITY

FIELD CAPACITY

WILTING POINT 0.1350 VOL/VOL

INITIAL SOIL WATER CONTENT 0.3509 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.190000006000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

o

1}

It




TYPE 3 - BARRIER SOIL LINER
MATERIAT, TEXTURE NUMBER 16
THICKNESS = 24.00 INCHES
POROSITY : = 0.4270 VOL/VOL
FIELD CAPACITY 0.4180 VOL/VOL
WILTING POINT 0.3670 VOL/VOL
INITIAL SOIL WATER CONTENT 0.4270 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.100000001000E-06 CM/SEC

it

[}

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 14 .
THICRNESS = 12.00 INCHES

POROSITY = 0.4790 VOL/VOL
FIELD CAPACITY = 0.3710 VOL/VOL
WILTING POINT ‘ = 0.2510 VOL/VOL

0.3714 VOL/VOL
0.249999994000E-04 CM/SEC

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 1 - VERTICAL PERCOLATION LAVER

MATERTATL TEXTURE NUMBER 18
1800.00 INCHES

0.6710 VOL/VOL
FIELD CAPACITY 0.2920 VOL/VOL
WILTING POINT , 0.0770 VOL/VOL
INITIAL SOIL WATER CONTENT = -0.2920- VOL/VOL,
EFFECTIVE SAT. HYD. COND. 0.100000005000E-02 CM/SEC

THICKNESS
POROSITY

i

[}

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERTIAL TEXTURE NUMBER 11
THICKNESS = 1l2.00 INCHES
POROSITY 0.4640 VOL/VOL
FIELD CAPACITY 0.3100 VOL/VOL



WILTING POINT 0.1870 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3138 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.639999998000E-04 CM/SEC

‘"TYPE 2 - LATERAL DRAINAGE LAYER
: ' MATERIAL TEXTURE NUMBER 21
THICKNESS ‘ © 12.00 . INCHES
POROSITY " 0.3970 VOL/VOL
FIELD CAPACITY = 0.0320 VOL/VOL
WILTING POINT 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0325 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0,300000012000 CM/SEC
SLOPE =" 2,00 PERCENT
DRAINAGE LENGTH =  250.0  FEET
LAYER 7
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06  INCHES
POROSITY 0.0000 VOL/VOL

o

0.0000 VOL/VOL

0.0000 VOL/VOL

' 0.0000 VOL/VOL
'0.199999996000E~12 CM/SEC

FIELD CAPACITY
WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY 0.00 HOLES/ACRE
FML, INSTALLATION DEFECTS 2.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

B aon

[

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 16
12.00 INCHES

0.4270 VOL/VOL

0.4180 VOL/VOL *

0.3670 VOL/VOL

0.4270 VOL/VOL
0.100000001000E~-06 CM/SEC

",

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER' CONTENT
EFFECTIVE SAT. HYD. COND.

[}

hou

8




GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 9 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 25.%

AND A SLOPE LENGTH OF 250. FEET.

SCS RUNOFF CURVE -NUMBER = 83.00
FRACTION OF AREA ALLOWING RUNOFF = 100.0
AREA PROJECTED ON HORIZONTAL PLANE = 1.000

EVAPORATIVE ZONE DEPTH = 12.0

INITIAL WATER IN EVAPORATIVE ZONE = 4.210
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.012
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.620
INITIAL SNOW WATER ’ = 0.000
INITIAL WATER IN LAYER MATERIALS = 553.795
TOTAL INITIAL WATER = 553.795
TOTAL SUBSURFACE INFLOW = 0.00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

SACRAMENTO CALIFORNIA
STATION LATITUDE = 38.
MAXIMUM LEAF AREA INDEX =
START OF GROWING SEASON (JULIAN DATE) =
END OF GROWING SEASON (JULIAN DATE) =
EVAPORATIVE ZONE DEPTH = 12.
AVERAGE ANNUAL WIND SPEED e 8
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 77.
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 60
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 55.
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 73.

R NOTE: PRECIPITATION DATA FOR - SACRAMENTO
WAS ENTERED FROM THE DEFAULT DATA FILE.

1.

.10

.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

40 DEGREES
00
73

319

PH
00

00
00

0 I o o0 2

CALIFORNIA

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR SACRAMENTO

CALIFORNIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC



NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR  SACRAMENTO CALIFORNTA
AND STATION LATITUDE = 38 40 DEGREES :

i

*******************************************************************************

ANNUAL TOTALS FOR' YEAR 1974

_..._._____._.._.._._..._._.___..va....____._____.__......_-_....__..___.....-_....__...___......_._._.........._..__......___........_-.

INCHES CU. FEET  PERCENT
PRECIPITATION =~ e 'EQBQBT;iE ’ ;5;:§;~
RUNOFF L o Tl ' 0.912 © 3311.028 - 6.02
EVAPOTRANSPIRATION | 13.361 48499.840 88.13
PERC./LEAKAGE THROUGH LAYER 2 - - ’0;819973v_   2976.503 5.41
AVG. HEAD ON TOP OF LAYER 2 : " 3.2932
DRAINAGE COLLECTED FROM LAYER 6 ©0.8180 - 2969.197  '5.40
PERC./LEAKAGE THROUGH LAYER 8 0.000011 0.042  0.00
AVG. HEAD ON TOP OF LAYER 7 | 10.0165
CHANGE IN WATER STORAGE © 0.069 250.803 0.46
SOIL WATER AT START OF YEAR '553.795 2010275750
SOIL WATER AT END OF YEAR v 553.864 2010526.620
SNOW WATER AT START OF YEAR ' 0.000 0.000 £0.00
SNOW WATER AT END OF YEAR 0.000 0.000 10.00
ANNUAL WATER BUDGET BALANCE g 0.0000 -0.095 ©  0.00

¥

hhkdhkhkhdhhhrhkhhkhhdhhhddhhdohhhhhdhhhhhhhhhhrhrkhrhhhrhhhhhhhdhhhhhdhhdhhhdhhdhhhhhhrhhrx

Ikkhhhhhkdkdhhhhkhhhhhkbhhhdhhhhhhhhhrhhrhddhdhhhrddhhhhhkbdhddrdhhdhhdrddbhdrhdhd

ANNUAL TOTALS FOR YEAR 1975

—_____._-___...._..,......_.-..._...............-..,....,.._______._-.~~-_..-..-.-—.—.-»._.-..—--

. iy . - B

PRECIPITAIION‘ . o . 13.18 o 47843 .406 100.00




RUNOFF 2.910 10561.622 22.08
EVAPOTRANSPIRATION 10.527 38212.371 79.87
PERC./LEAKAGE THROUGH LAYER 2 0.829769 32012.060 6.30
AVG. HEAD ON TOP OF LAYER 2 2.8790

DRAINAGE COLLECTED FROM LA&ER 6 0.8250 2994.613 6.26
PERC./LEAKAGE THROUGH LAYER 8 0.000012 0.042 0.00
AVG. HEAD ON TOP OF LAYER 7 0.0167

CHANGE IN WATER STORAGE -1.081 -3925.336 -8.20
SOIL WATER AT START OF YEAR 553.864 2010526.620

SOIL WATER AT END OF YEAR 552.783 2006601.250

SNOW WA&ER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 0.00

0.096

*******************************************************************************

********************j**********************************************************

ANNUAL TOTALS FOR YEAR 1976

INCHES CU. FEET PERCENT
PRECIPITATION  ezs _;;;;;j;;; 100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 6.454 23429.256 103.27
PERC./LEAKAGE THROUGH LAYER 2 0-476291 1728.937 7.62
AVG. HEAD ON TOP OF LAYER 2 0.3136
DRAINAGE COLLECTED FROM LAYER &6 0.5397 1955.084 8.64
PERC. /LEAKAGE THROUGH LAYER 8 ' 0.000008 0.028 0.00
AVG. HEAD ON TOP OF LAYER 7 0.0109
CHANGE IN WATER STORAGE . -0.744 -11.91

-2701.0089

SOIL WATER AT START OF YEAR 552.783 2006601.250



SOIL WATER AT END OF YEAR C 552.039

SNOW WATER AT START OF YEAR 0.000
SNOW WATER AT END OF YEAR . 0.000

ANNUAL WATER BUDGET»BALANCE e 0.0000

2003900.250

0.000"

0.000

0.140

Q.00

000

0.00

**********************************************************************#********

***********************************;*******************************************

| ANNUAL TOTALS FOR YEAR 1977

——"--_“_-""-—"——"""‘-“""""‘"-"—"-——-"""’“"—“"""-"""'_"'-"'—"'"-—"“-"“""""'"""""""—‘,'

INCHES
PRECIPITATION ' e T
RUNOFF et o 0.222
EVAPOTRANSPIRATION h 7.594
PERC. /LEAKAGE THROUGH LAYER 2 0.562865
AVG. 'HEAD ON TOP OF LAYER 2 0.6526
DRAINAGﬁ COLLECTED FROM LAYER 6 0.4948
PERd./LEAKAGE THROUGH LAYER 8 \ 0.000008
AVG. HEAD ON TOP OF LAYER 7 - 0.0100
CHANGE IN WATER STORAGE o 3.399
SOIL WATER AT START OF YEAR  552.039
SOIL WATER AT END OF YEAR 555,438
SNOW WATER AT START OF YEAR . 0.000
SNOW WATER AT END OF YEAR ~0.000
ANNUAL WATER BUDGET BALANCE 0.0000

CU. FEET
vy
806.156
27566.523

2043.199

1796.148

0.028

12338.544
2003900.250
2016238.750

‘0.000

0.000

 -0.086

PERCENT

100.00
" 1.90

B

64.85

4.81

4.23

©29.03

0.00
0.00

. 0.00

******************************************************************************?

*******************************************************************************

 ANNUAL TOTALS FOR YEAR 1978

INCHES

CU. FEET

PERCENT




PRECIPITATION 23.74 86176.219 100.00

RUNOFF 12.436 45144 .367 52.39
EVAPOTRANSPIRATION 12.529 45480.129 52.78
PERC./LEAKAGﬁ THkOUGﬁ LAYER 2 \ 0.924529 ' 3356.041 3.89
AVG. HEADYON TOP OF LAYER 2 4.0138

DRAINAGE COLLECTED FﬁOM LAYER 6 0.9086 3298.219 3.83'
PERC./LEAKAGE THROUGH LAYER . 8 0'600013. 0.046 0.00
AVG. HEAD ON TOP OF LAYER 7 0.0183

CHANGE IN WATER STORAGE - ‘ —2;134 -7746.541 —6.99
SOIL WATER AT START OF YEAR 555.438 2016238.75Q

SOIL WATER AT END OF YEAR . 553.304 2008492.250

SNOW WATER AT START OF YEAR 0.000 * 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 -0.003 0.00

*******************************************************************************

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978

PRECIPITATION
TOTALS 3.00 2.62 2.47 1.16 0.23 0.11
0.17 0.18 0.32 0.67 1.32 1.79
STD. DEVIATIONS 3.66 1.75 1.57 0.89 0.42 0.22
0.35 0.28 0.33 0.90 1.21 1.72
RUNCFF
TOTALS 1.819 0.817 0.512 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.015 0.034

STD. DEVIATIONS 3.587 1.398 0.711 0.000 0.000 0.000



0.000 -0.000  0.000  0.000  0.023  0.073

EVAPOTRANSPIRATION

TOTALS : - 0.805  1.327 2.286 1.812 " 0.973 0.898
0.166  0.167  0.219 _ 0.157  0.416 . 0.866 .
STD. DEVIATIONS ~ 0.529 0.500-  0.529 0.685  0.118 = 0,705

0.349  0.265 0.211° 0.135 0.208 0.595

PERCOLATION/LEAKAGE THROUGH LAYER 2 -

TOTALS v 0.1219 © 0.1091 0.1334 ° 0.1200° 0.0995 0.0315
0.0000  0.0000 0.0000 0.0000 0.0155 0.0918

STD. DEVIATIONS 0.0318 0.0349 0.0191 0.0124 0.0342  0.0339
0.0000 .- 0.0000 0.0000 0.0000 " 0.0163 0.0520

LATERAL DRAINAGE COLLECTED FROM ILAYER 6

S TR e e e v e e e e e e e e ettt = e = e e o - e o > - -

TOTALS S 0.0723 -0.0852 0.1030 0.1167 0.1402 0.1068
0.0404  0.0000 0.0000 0.0000 0.0049 0.0476 .

o

o

) .0261  0.0225 .0106  0.0767
0.0470° 0.0000 0.0000 0.0000 0.0055 0.0279

e
v}
3
N
5
. 8 )
.2
0
o
o
[ 8]
N
W
o
(=]
o
g
w
(=

TOTALS ‘ ‘ 0.0000 ' 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

T TS T T T M am e el i e s e e o e e e e e e g e - o v n o S e e b G M e e e e e S S e e e A e b e WS e e e e

TN e v e e e e e e e e e o o S o e e 4 o= e e e b e b . e e e v o e e v o S ey e e e b e o - -

AVERAGES 5.0886 5.5537 .3722 4.2193 .5552 0.5707
0.0000 0.0000 0.0000 0.0000 0.2480 2.1575

[s)!
N

o~

STD., DEVIATIONS © . B.1B57 4.8247 . .3378 - 2.9257 2.1074 0.7488
0.0000 0.0000 0.0000 0.0000 0.4984 1.8887

P e ot . o O e e - . A R b e e ) . ot o o o . - -

AVERAGES 0.0172 0.0222 0.0244 0.0286 0.0332 0.0262
0.0096 0.0000 0.0000 0.0000 0.0012 0.0113

STD:vDEVIATIQNS .7 . 0.0053 © 0.0017 . .0.0062: 0.0055 0.0025 0.0Ll88
0.0111 0.0000 0.0000 0.0000 0.0013 0.0066

?******************************************************************************




*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIAIIONS) FOR YEARS 1974 THROUGH 19578

PRECIPITATION
RUNOFF
EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 2

AVERAGE HEAD ON TOP
OF LAYER 2

LATERAL DRAINAGE COLLECTED
FROM LAYER 6

PERCOLATION/LEAKAGE THROUGH
LAYER 8

AVERAGE HEAD ON TOP
OF LAYER 7

CHANGE IN WATER STORAGE

10.093

0.72269

2.230 (

0.71720

0.00001

0.014 ¢

-0.098

(

(

(

5.2367)
3.0119)

0.19231)

1.650)

0.18666)

0.00000)

0.004)

2.1087)

50849.0

11964.63

36637.62

2623.348

2603.452

0.037

-356.71

72.052

5.15%08

5.11996

0.00007

-0.702

*******************************************************************************



*****************************************************************#**#*********

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978

v ' (INCHES) (CU. FT )
‘-pRECIéITATION_ | ' - ﬂ—;?;; ------- QQQQTQBST'
VRUﬁOFF ) 1.432 5199.5986

B \ : e
PERCOLATION/LEAKAGE THROUGH  LAYER . 2 0.005102 :‘}f_ffiffi
lAVERAGE HEAD ON TOP OF LAYER 2 o 12.000
DRAINAGE COLLECTED FROM LAYER 6 0.00760 27.59428
PERCOLATION/LEAKAGE THROUGH LAYER 8 ~~  0.000000 0.00033
AVERAGE HEAD ON TOP OF LAYER 7 .., 0.056
“ MAXTIMUM HEAD ON TOP OF LAYER 7 0.111
LOCATION OF MAXIMUM HEAD IN LAYER 6
(DISTANCE FROM DRAIN) 1.9 FEET
SNOW WATER e 0.79 2855.3328
MAXIMUM VEG. SOIL WATER (VOL/VOL) . 0.5010
MINIMUM VEG. SOIL WATER (VoL/vor) 0.1350

*¥*% Maximum heads are computed using McEnroe's equatioms. *#*

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engilneering
Vol. 119, No. 2, March 1993, pp. 262-270.

hhhkdhhhhdhhdhhdhhhhhhhhhhhhhhhhhdhhhhhkhhhdhhhhhdhdhhhhhddxhhdhhhhhrhorFrhhhrrhrkh




******************************************************************************

LAYER (INCHES) (VOL/VOL)
L 36917 0.3076
2 10.2480 0.4270
3 4.4683 0.3724
4 525.6000 0.2920
5 " 3.7813 0.3151
6 0.3904 0.0325
7 0.0000 0.0000
8 5.1240 0.4270
SNOW WATER 0.000



Golder
Associates

susseot /1ol / W sl z%/qf:v/

Job No. LI3—7 2 ¥
Ref.

Made by W_

Checked

Date /7 /¢ j

Shest )
Reviewed

Pt L RN !
AN S B
T T T
T A I B L R .
o D6 cindis fby | 1 | L ;
,s L] b T
{0 Al K T AN ;J_'T: RSN A B 7T i
DLt infsllinTion Z,)au_‘lL,,4 s S wfs = 11 ] Mche! et Mohm valpe
P ' : ' A 4 I !
] ; T ‘ : L - —_.;—‘*_.L.*,- e .L _f_ ‘ J - ,’ £
NN S SN S AN S N L S S N S S N 1__”_“;%

la.&;l__Lamef( _/,(.;iUU T | / e A U
' e

b
bz .ma‘l‘.,i @JZS ﬁa
Zbé %dmﬁn ﬁ(m]m mm/«/ b £ ;
PTG el E"FS%%MM US&Z.,S
..‘..;.‘_WM_,“_N _.____._ -,.. — ___u_..._l et _qu -_-_F L ey Y oo
f an &é s ! s Ve it nfg‘ﬂ‘m‘?(m

- w__gceﬂgi 5@_1’.)
0[3 . F‘sl’: %_ D/Q'ajﬁ— ﬂ—iﬂ




Appendix C

Erosion Calculations



013-7249

APPENDIX C
COVER SOIL EROSION CALCULATIONS

C.1 INTRODUCTION
Soil loss potential at the Hay Road Sanitary Landfill site due to water erosion was
gvaluated using the Revised Universal Soil Equation (RUSLE), developed by the U.S.
Department of Agriculture, which considers soil and vegetation type as well as physical
and climatic features of the landfill area. A brief discussion of this method is given
below.
C2 SOIL LOSS EVALUATION
The RUSLE can be used to evaluate landfill cover soil loss. This equation may be stated
as:
A=RKLSCP, Where

A = Average annual soil loss, in tons per acre per year

R = Rainfall and runoff erosivity index

K = Soil erodibility factor

LS = Hill slope length and steepness factor

C = Cover-management factor
For the purpose of soil loss analysis, the landfill was divided into lots based upoﬁ the
average slopes of the final cover and surface drainage characteristics as shown in Figure
C-1. the results of the analysis are shown in Table C- 1
The RUSLE factors for the Hay Road Sanitary Landfill were assigned as follows:

R=20 Index for the Vacaville area from-USDA: erosivity factor iso-erodent

map, which best represents weather conditions at the site. (see

attached rainfall erosivity index map)

K=.31 It is assumed that the textural class of the final cover material will
be of a “silty clay  and will contain less than 0.5 % organic.

LS Dependent upon the length and average gradient of areas under

consideration. Values range from 0.75 to 6.82 for this
application.

Soil Erosion.doc 1 Golder Associates Inc.

hCP

W 2




013-7249

C=0.03 “C” represents the effects of plants, soil cover, soil biomass (roots
and incorporated residue), and soil-disturbing activities on soil loss.
A value of 0.03 is associated with the presence of California annual
grass.

o
Il

1.0 “P” accounts for reduction of erosion due to land management
practices and is conservatively assumed to be 1.0 (highest value) for
the entire landfill site.

Using the values listed above, we estimate the average soil loss depth due to water
erosion to be 0.0035 inch per year in the presence of vegetation.

C.3 DISCUSSION

Based on the above soil erosion analysis, the average soil loss depth for a soil density of
100 pounds per cubic foot is about 0.0035 inch per year or 0.76 ton/acre/year for the
entire vegetated landfill site. Over the 30-year period, the average soil loss over the entire
site is conservatively estimated at approximately 0.105 inches. The 30-year loss is less
than the USEPA’s maximum allowable soil loss of 2 tons per acre per year.

Soil Erosion.doc 2 Golder Associates Inc.
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Appendix D
Settlement and LCRS Calculations



OBJECTIVE:

APPROACH:

CALCULATIONS:

CONCLUSION:

Subject: NWSHRL - Final Cover Settlement Calcuiations
Job No.: 053-7433 Made by; WRC Date: 2/17/2005
Ref: Checked: K48 Shest 1 of 3
Reviewed;

To evaluate post-settlement cover grades to ensure drainage grades are maintained.

The critical cases (Segments A & B) occur on the top of the cover where the typical cover grade is 5%.
Segments A and B are located along the swale where the grades are approximately 3% or slightly greater,
refer to sheets 2 and 3.

The foliowing assumptions are made:

1) Primary Settlements are complete;

2) Secondary Compression index = 0.05; and

3) Average time after primary settlements are complete is 6 months.

x A 8= C* H¥log (i,/t)

Evaluate cover settlement for 30 year period (Post-Closure min. 30 years) for critical
section ; t; = B months (0.5 years); 1, = 30+0.5 = 30.5 years,

Segment A:
Initial grade of cover along section is 3% (typical 5%)
Post-settlement grade:

He=> A'S = (0.05)(196-36.5) * log (30.5/0.5) = 14.23 ft
H=> AS = (0.05)(215-42) * log(30.5/0.5) = 15.44 ft

Distance between point 1and 2 = 630 feet,
(215-15.44)—(196 —14.23)
Final Grade = 630

)*100 =2.8 %/ (k)

Segment B
Initial grade of cover along section is 3.3% (typical 5%).
Post-settlement grade:

Hy= AS= (0.05)(215-42) * Iog(30.5/0.5) = 15.44 ft
Hy= AS= (0.05)(199.28-38) * log(30.5/0.5) = 14.40 t

Distance between point 2 and 3 = 475 fest,

_ (215-15.44) —(199.28-14.40)
Final Grade = 475 .

j* 100=3.1% ¥~ (oK)

Post-settlement of grades are maintained facilitating
drainage. '
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Settlement Adjacent Collection Sump
(Soil Profile - 150' deep, Unit Weight of Refuse - 60 pcf)

Al & : : ol Thikial Vold| Siress Dise 10,
Welght : ci ] ek s
]
Sandy Clay. CL 120 X
20 X
26 X
5 777
Sitty Clay oL 25 | 1781,
1 25 | 1786.
13 126 790.!
18 125 | __1795.
17 Clayey Sand SC 130 | 1799,
19 130 1804.
21 0 1808
23 130 1813,
25 Sty Clay CL 125 1817.
27 23 125 1822;
29 25 125 1826,
31 27 1831
33 25 25 1835,
35 31 26 1840,
37 33 26 1844
39 35 25 1849
37 25 853,
4 39 25 ¥
4 4 26
4 25
4 5
51 Sandy Clay. oL 25 1878.
53 25 1880.
55 51 25 1885
57 53 125 1889,
58 55 25 1894,
61| 57 25 1898
63 59 25 903,
85 61 25 1907.¢
67 63 26 1012,
69 85 Clay L 25 1918
7 67 25, 1921,
13 69 25 1925
75 il 5 1930.
77 3 25 1034
79 75 125 939.¢
81 kel 125 19434
83 79 125 1047,
85 81 Clayey Sand SC 132 | _C 1952.4
87 83 132 5748 .050 | ¢ 1956
89 85 32 5888, .050_ |04 K 1961..
o1 87 132 6027 050 | o. Y 1965.
53 89 132 6166, .050 | ( [ o, 1970.4
95 1] 132 6305, .050 - 19748
97 93 Clay [ 128 6438.] .140 ) 0. 979.
99 85 128 6668.4 40 | 9831
101 97 128 £690.. 140 |_O. 988,
103 89 128 683D, 140, |_0. 1992,
105 101 128 6961 . 140 |_( 1997,
107 103 28 7092, 140 X 2001..
[ 100 105 28 7224, 140 [ ¢ 2006,
11 107 28 7355, .140 - 2010,
113 | 109 28 7486, 140 [ 2015,
[ 115 11 Clavey Sand | __SG 135 7631. 035 | ¢ 2018,
17 13 135 7776.8 .035 2024,
19 15 135 79220 .035 | 2028
‘121 17 Clay oL 129 BD55.2 110 | O 2033.2
[ 123 19 129 8188 110 Y 2037,
125 21 129 8321 110 | O 2042;
127 123 123 84541 .110 { O 2046,
129 126 129 8588, 10 008§ 0. 2051,
131 127 129 8721.; 10 [ G 2055
133 129 129 8854. 110 o |« 2060,
135 131 Glaysy Sand sC 137, 9003 .020 | ¢ [_( 2064
137 133 137 9152 020 | { 2069,
139, 135 Clay oL 130 9288 .080 K | 0. 2073.!
4 137 130, 94232 090 [ ( | 0. 2078,
4 138 130 9558.4 080 X | O 20821
4 141 130 9693.6 .090 | __0.00 2087,
143 130 9828.8 .090 0.004 2091
49 145 130 9964.0 0.09 2096
“*Assumptions made: TOTAL 16.416 6.612 22,928 18911
1) Effective veriical stress calculaled for 2 ft. Increments at the center of mass
2) Unit welhts listed ate assumed typlcal values
3) Selilement parameters used are based on values reported by EMCON & Golder and engineering judgement i
4) Based on consolidation tests performed by EMGON and Golder, the native solls within the upper 50 feet are overconsolidated. OCRs ranging from 4.2 to 1.2 have been asslgned (o the soils within the upper 50 feet for
astimation of the maximum past precansolidation pressures used In the settisment analysls, Below a depth of 50 feet, the soll umed to be normally This P p', and therefore
overeslimates the calculaled settlsments,
5) Groundwaler was asstimad to be at a depth of 4 feet below subgrade
6) For sefllement calculations, Ho = 21t,
7 ‘The vertical siress (Ac) appiled to the subgrade adjacent to the collection sump was calculaled for semi-finite embankment loading conditions using Infiuence factors originally presented by Jurgenson (1934),
The change In verfical str t Tineatly with depth,
8) Primary Setilament (1) If o' = 5, then § = C,*Ho(log10{(ove' + 400w )); o+ oy <oy, then S = Cre*Ha(l0g10((ove'+Am)o)); of (3) f o' < ' <Gy’ + Acy, then 8 = Cro*Haliog10(us/ce)) + Cea*Hollog1 0{ova'+Acv)erp))
9) Secondary Sefflement = (Cy/(1+8,))*H,(l0g10AY).  Assume Gy = D.05°C, At=50yrs




Settlement at Maximum Height of Refuse

(Soil Profile - 150' deep, Unit Weight of Refuse - 60 pcf)

. Macipast: |l
réconsoitation Il:llal Yalg
< resguri H{pst)
Sandy Clay X [« |”_0.008 504
X I« | 0008 1493
125 547, 160 | ¢ 0. 241
125 672. 160 | 0099 | ¢ | 0008 2717,
Sitty Clay cL 128 798 160 | 0099 | ¢« 0.008 379
125 923, 160 | 0.009 | ¢ .008 3628
125 1048. 160_| 0009 | | 5,008 4064 |_—12020; 101 565
1 125 1173, 160 | | [ |_0.008 4485 620 12011 363 469
13 Clayey Sand SC 130 | 1308¢ 050 | ¢ |t | 0003 4932 480 | 12003. 350 034 384
15, 1 Y I [ [ 0.003 5363 480 | 11994, 323 03 358
17% |t | |_0.003 5780 480 | 11986 .300 034
23 190 | ¢ | 0.003 6182 480 | 11877, .280 03 314
25 21 Sty Clay CcL [ { | |_0.0085 570 | 119890 112 123 235
27 23 | | o, 0095 6562 570 | 119604 123 232
20 25 | o [ |« 6542 570|195t 115 123 238
a1 27 | |_0.0095 6468 570 | 11943, 130 123 254
33 29 ¢ | 00005 6342 570 | 11934 156 123 279 107
35 3t X I I ¢ | 00095 6164 570 | 11926, 491 123 315 10
37 33 X o, ¢ | |_0.0005 5933 .570 | 11917, 238 123 361 13
39 35 X [ | 0020 | ¢ | 0.0095 5640 570 1900, 297 123 420 18
a7 X .020_| ¢ [—0,0005 5313 570 | 11800. 370 123 494 124
39 180 [ 0020 | ¢ | "0.0005 492 .570 | 11891 460 123 584 .13;
y X 020 | ( | 00005 4483 570 | 11883, 571 X; 694 141
2 4 ¢ | 0020 | 0095 3989 570 | 11874, 707 123 830 463
49 y: 020 | 0095 3843 570 | 11866 754 423 877 156
51 4 Sandy Clay cL ), 020 | o0 | 00095 3467 .570 1857. 875 123 .998 166
53 48 A 020 ¢ 0013 | 00005 3592 .670 1848, 123 863 164
65 3] | 0121 | 0020 | 0013 | 0.0095 ars 1570 | 1184D; 806 123 829 61
57 53 | 61211 0020 | 0013 | 00095 3843 570 | 11631 773 123 897 156 |
69 55 180 0421 | 6020 | 0013 | 0.0095 3968 |_11823: 742 123 866 165,
61 67 190_| 0421 | 0020 | 0613 |_0.0085 4093 570 | 11814, 12 123 835 153
63 89 190 121 020 |« X 4218 .670__|__ 11806, 684 123 807 151
65 61 190 | 0421 | 0020 4344 .570_| 11707, 656 123 719 148,
67 63 1190|0497 | 0020 | 4469 570 | 11788 652 123 2.775 231
69 65 Clay oL 180 42 020 | ( 4594 .670_|__ 11760, 603 123 727, 44
il 67 190 020 | ¢ 4719 578 123 702 42
73 69 .190 .020 | ¢ 4844 670 | 1 554 123 677, 40
75 il 190 Y 4970 .570 531 123 854 38
77 73 150 020 | 0013 | ¢ 5005 570 608 123 63 136
79 75 180 020 013 | 5220 570 123 610 1
8 7 190 120 X | 0.0095 5345 570 465 123 588, 32
83 79 .190 0 |__0.0095 5470 510 444 23 668 431
85 81 Claysy Sand SC .050 000 o003 5610 450 405 035 440 037
a7 83 .050 000 | 0.000_| 0.003 5749 450 | 1 399 035 434 036
89 050 000 | 0000 | 0003 6888 450 | 11694, 393 .035 4 036
of 87 .050 000 | 0000 | 0003 6027 450 | 11685 387 035 423 035
93 8s 050 0000 | 0003 6166 450 | 11677 382 .035 M7 035
55 o1 050 .000 | 0,003 6306 450 | 11668, 376 035 42 034
o7 93 Clay. CL . .015 .010 .0070 6437 .660 | 11660, 967 091 058 088
89 95 015 010 0070 £568 .560 {11651 954 091 046 087
101 a7 015 | ¢ 6609 4 94; 091 034 08
103 99 016 6830 560 | 11634.4 930 .091 022 085
105 101 5 6962 .560_ | 11625, 919 091 010 084
107 103 5 7093 560 | 11617 .907 081 999 .083
109 105 5 7224 560 | 11608, 836 001 988 082
11 107 | o0is 7355 .560 | 11600. 885 091 977 081
13 109 [ 0015 7486 .560 | 11591 875 091 956 081
18 11 Clayey Sand SC ¢ |__0.000 7632 420 | 11582 237 .025 262 022
17 13 [ | 0.000 rzad 420 | 11574 234 025 259 022
19 15 ¢ | o000 7522 420 | 11565, 231 0025 256 029
121 17 Clay cL 07 .013 8055 0550 | 11557 658 .072 731 061
123 19 .013 8188 550 | 11548, 651 .072. 723 060
125 21 013 D 8322 550 | 11540, 843 072 716 060
127 123 1013 X B455 650 | 11531 .636 .072 708 059
129 125 .013 8588 550 | 11522 629 .072 702 058
13t 127 .013 0.008 8721 650 | 11514, .623 .072 895 058
133 129 013 0,008 6654 550 | 11508 616 072 688
135 131 Clayey Sand SC .000 . 9004 497 .124 016 .139 .01.
137 133 - |« |__0.000 X 9153 .380 X 123 015 138 .01
139 135 Clay [ | [ 0.009 1 5268 530 479, 403 .060 046
4 137 | | 0,009 8423 .530 471, .488 .060
2 39 [ [_0.009 Y 9558 630 462, 483 060
4 141 ¢ | 0.008 9694 630 454, 478 060
4 143 [ | 0.009 1 9829 .530 445, 473 060 X
1 Lt 0003|0006 | 2864 2 469 060 044,
**Assumplions made: TOTAL 82,318 6,649 £8.085 7414
1 Effective verlical siress calcutated for 2 R, Increments at the canler of mass
2) Unlt welghts lisled are assumed typical values
3) Setifament parameters used are based on values reported by EMCON & Golder and englneering judgement
4) Based on consolldation tests performed by EMCON and Golder, the native solls within the upper 50 feet are overconsalidated. OCRs ranging from 4.2 to 4.2 have been assigned to the solls within the upper 50 feel for |
estimation of the madmum past preconsolldation pressures used in the settiement analysls. Below a depth of 50 feet, the solls are assumed to be nomally This op', and therefore
overestimales the calculated setllements.
5) Groundwater was assumed (o be at a depth of 4 feet below subgrade
6) For sefllement calculations, Ho = 21t,
n The vertical stress (Aa,) applied to the subgrade due {o the load of the rafuse and fill materal ls (186 R)(60 pef)+(7.6 M)(120 pef) = 12,072 psf. The change In vertical siress wilh depth was calculated for seml-finile embankament loading conditions
Using Influence faclors originally presented by Jurgenson (1934). The change In vertical stress was assumed to Increase/decrease linearly with depth.
8 Primary Setlement (1) If 5= o, then S = Co*Holog10({0s + AT (2) I G+ Ay < 0, e S = Cr*Hy(log10((ove’+ Al OF 3) I h < ' < g + Acy, then S = OreHafl0g10(0,042)) + Cea* Holog10{(ovo'+Ac)la))
9) Secondary Settlement = (C./(1+¢,))*Ho(log104t). Assume C, » 0.05'C, At =50 yrs



Settlement Adjacent Collection Sump

Sandy Clay
Slity Clay
1
13
15
17, Clayey Sand
19
21
23
25 2 Sil
27 23
28 25 .
31 27 -
33 29 -
35 3 -
37 3 ¢
39 35 -
4 a7 -
39 {
4 -
4
49 4
51 4 Sandy Clay
53 49
65 51 {_
53 |_{
59 55 -
61 57 |t
63 59 -
65 61
.61 £3 |
69 65 Clay |
71 67 | ¢
73 69 |
75, 7 |«
I7 § A58 123 682
78 Y 450 123 573 4
81 | A42 123 .565 4
83 | 434 123 557 46
85 8 Clayey Sand [ 0000 | ¢ 21 035 .156 013
B7 a3 | 0000 | ¢ 19 035 154 013
8g 85 0000 | ¢ 17 .035 152 013
o1 87 | 0000 | ¢ 15 035 .150 012
93 89 _ | 13 035 148 012
95 91 | 0. |_C 11 035 146 012
97 93 Clay | ¢ 284 .091 375 031
99 85 | 280 09 .371 031
10° 87 | 0. 275 001 .367. 031
103 98 | 0. 271 081 .363 03
105 101 .267 091 359 030
107 103 264 .091 355 030
|__109 105 260 .091 .35¢ 029
11 107 256 .00t 348 029
[ 11 109 263 .091 344 029
| 115 11 Glayey Sand 068 025 094 008
17 13 067 025 093 008
119 15 066 025 092 008
21 17 Clay 189 072 261 022
i23 19 187 .072 259 022
125 21 184 072 257 021
127 23 ) 182 072 255 ,021
29 25 ) 180 .072 252 021
131 27 . 178 .072 250 021
133 29 ). 176 .072 248 02
135 31 Clayey Sand .020 | 035 015 050 004
137 133 1020 | ¢ 035 .015 050 0,004
139 138 Clay .090 | ¢ 141 060 200 017
41 137 .080 _ | ¢ 139 .060 199 .017
| 143 139 .090 | ¢ 137 060 197 016
45 141 090 | ¢ 136 080, 196 .016
47 143 .080_ | ¢ .135 060 195 016
|49 145 90 | ¢ 0,133 060 193 0016
“‘Assumplions made: 18.038 8.512 25,650 2129
1) Effectlve vetlical slress calculated for 2 fi. Incremants at the center of mass
2) Unt weights lisled are assumed typlcal values
3) Sefilement paramsters used are based on values reported by EMCON & Golder and englneering judgement
4 Based on consalidation tests performed by EMCON and Golder, he nalive solls wilhin the upper 50 feet are overconsolidated. OCRs ranging fram 4.2 to 1,2 have been assigned to the solls within the upper §0 feet for
estimation of the maximum past preconsolidation pressures used in the setilament analysis. Belowa deplh of 50 feet, he solls are assumed fo be nomally is ap', and therefore
the calculated setil
5) Groundwater was assumed to be ata depth of 4 faet below subgrade
6} For seltlement calculations, Ho = 2ft,
7 The verlical stress (Ac,) applled lo the subgrade adjacent to the collection sump was calculaled for seml-finfte embankment loading conditions using Influence factors oiglnally presented by Jurgenson (1 934),
The change In vertical stress was assumed to Increase/decrease linearly with depth,
8) Primary Settlement (1) If o' = g, then S = Cey*Holog 1 0((tus' + AGWTL); (2) If Oy + Acy < oy, then 8 = Cro*Ho(log10{(ovo'+A)avs)); or (3) If o < o' < o' + Aoy, then S = Gra*Hy(log1 0(apfers)) + CeaHo(log! 0((au+Acy)lay))

9)

Secondary Setlisment = (Co/(1+e,))*Hflog10At).  Assume C, = 0.05°C,, At = 50 yre
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Settlement at Maximum Height of Refuse

(Soil Profile - 160" deep, Unit Welght of Refuse - 70 pcf)

T v
Sandy Clay
Silty Clay CL
11
13
is EE]
17 13 Clayey Sand 8¢
19 15
21 17
23 19
25 2 Sitty Clay [}
27 23
29 25
3 27
33 28
35 3
37 33
38 35
a7 |_0.0085 6313
4 39 |__0.0095 4924
2 4 |_0,0085 4483
3 [—0.0085 3989
4 |__0.0005 3843_
5 Sandy Clay. L | _0.0085 467
53 | 0.0095 3592
55 5 | 0.0085 3718
57 53 |_0.0095 3843
59 55 |_0.0095 3968
5] 57 0095 4093
63 59 | 0,005 4218
65 61 .0095 4344
67 63 ! 00085 4469
69 65 Clay CL | 0.0095 4594
Rl 67 0095 4719
73 69 .0095 4844
75 7 .0005 4970
hsd 0095 5085
79 .0095 5220
81 77 |« | 00005 5345
63 9 |_o0.0085 5470
BS 81 Clayey Sand SC |__0.003
87 o
89 65 Y
ot 87 Y
83 89 | o
o5 ot | o
97 93 Clay, GL Y
89 85 .{
101 97
103 99
105 01
107 03
108 05
11 07
| 113 09 X X
15 111 Claysy Sand sC 0420 | 12849.7 254 0.025 0.279 .023
17, 113 A20 | 12840.2 .250 .025 0.276 023
19 15 420 | 128307 247 026 0.273 0.023
121 17 Clay oL .650 12821.2 704 .072 777 0.065
123 19 .550 128116 697 .072 .769 0064
126 21 550 12802.1 .689 .072 6 0,063
127 123 550 12792. .682 .072 754 .063
129 125 .550 12783, .674 072 747 062
131 127 .550 12773, .667 .072_ .740 .062
133 129 550 2764, .660 .072 .733 .061
135 131 Clayey Sand SC 380 2754, 133 015 48 .01
137 133 380 2745, 132 .015 A7 .012__ |
139 135, Clay CL .530 2735.4 529 060 589 .0:
137 .530 | 12726 .524 060 584 .0
139 530, 16.4 519 .060 .579 .04
4 14 130 X .530. 12707.0 .514 060 .574 .048
4 143 130 9828, ,090 53 12697.5 .509 .060. 0.568 047
|..149 145 130 9964 09 0.530 12688.0 .50 0.060 0.564 047
**Assumplions made; TOTAL 87.671 6.049 94.321 7.860
1) Effeclive verlical stress calculated for 2 f, Increments at the center of mass
2) Unlt weights listed are assumed typlcal values
3) Setllement paramaters used are based on values reparted by EMCON & Golder and engineering Judgemeant !
4) Based on consolidation tests performed by EMCON and Golder, the native soils within the upper 50 feet are overconsolidated. OGRS ranging from 4.2 to 1.2 have been assigned (o the solls within the upper 50 feet for
estimation of the maximum past preconsolldation prassures used In the sattlement. analysls, Belowa depth of 50 feet, the solls are assumed to be normally This op', and therefore
overeslimates the calculated satilements, .
5] Groundwater was assumed {o be at a depih of 4 feet below subgrade
6) For settlement calculations, Ho = 2ft,
7)  Theverlical siress (Ac,) applled fo the subgrade due to the load of the refuse Is (136 R)70 pef)+(7.8 (120 pef) = 13,832 psf, The change in vertical stress with depth lculated for seml-finite foading condilions
using Influenca factors originally presented by Jurgenson (1934), The change n vertical stress was assumed to increase/decrease lineary with depth,
8)  Primary Seftiement (1}if a'= oy, then § = Cex*Ho(log1 0{(de' + AGYIG)); (2) I+ Ack < a7, then S = Cra*Hilog! O((ove+Acsorg): oF (3) I e’ < 9%’ 0 + Ay, then S = Cre"Hif0g10(0310v5) + Gea"Hallog10{(or+Ack o))

9

Secondary Settlement = (C/(1+8,))H(log10Al),  Assume C, = 0.05'C,, At = §0 yrs
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ey Subject. Leachate Collection Pipe Structural Integrity - HRL
=N Job No.: 033-7359 Made by: ¥ 4 Date: Oct. 2003
=Golde

1 Golder Ref: Checked; "¢ Sheet: ) of 7

OBJECTIVE: To verify structural capacity of future 4", SDR HDPE LCRS pipe based on proposed fill
grades.

APPROACH: The design method in the Driscopipe design manual is used to assess the structural stability
of the leachate collection pipes with respect to wall crushing, wall buckling, and ring
deflection. This methodology is also described in Sherma & Lewis (1994).

GIVEN: Pipe Properties
SDR 11 or 16  or 17
OD= 4 in
Allowable Long-term Stress (Sqjon) = 1500 psi
Perforations (No./row/ft) = 2
Diam. Of Perforation = 0.25 in
No. of rows 4
Applied Loading
Depth of Cover = 185 ft
g Unit weight (y) = 70 pef  Using conservatively high unit weight for Hay Rd
L ) External Pressure (P,) = 12950 psf Ve
= 90 psi
Backfill Material Properties
Type: Clean, rounded gravel
Relative Density = >70% :
Soil Modulus = 5800 psi (from Table 1. Ref2 and 3) »~

REFERENCES: (1) Driscopipe Systems Design, Phillips Driscopipe, 1996
(2) Guidelines for HDPE Pipes in Deep Fills, Plexco Pipe, Jan. 1998
(3) "Replacing E' with the Constrained Modulus in Flexible Pipe Design," published paper
by Timothy J. McGrath, Principal, Simpson & Heger Inc., Consulting Engineers, 297
Broadway, Arlington, MA 02174

Neal Landfill-Module 4
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CALCULATIONS:

Subject: Leachate Collection Pipe Structural Integrity - HRL

Job No.: 033-7359
Ref:

Made by: X
Checked: 1 2¢ |

Date: Oct. 2003
Sheet: 2 of 7

Design for Crushing
Wall stress in pipe must be less than allowable compressive stress(FS>1)

Wall stress in pipe (S) = (SDR-1)*(Py2)
Factor of Safety = S,ow/S

Design for Wall Buckling
Wall stress in pipe must be less than critical buckling stress

SDR| 8 (psi) FS |
1| 449.65 3av | v
15| 629.51 2.4 v
17 | 719.44 2.1 /

Critical Collapse Pressure (P,;) = 2.32*E/(SDR)®
Critical Buckling Pressure (P.) = 0.8%E™Pcr)*0.5

Factor of Safety = P /P,

E = Long-term Young's Modulus

Typically, E is obtained from a chart in Ref 1. However, for high loading conditions
this is overly conservative. As the pipe is compressed, the stress acting on the pipe
reduces. Therefore, the manufacturer recommends. using a minimum long-term

modulus of 30,000 psi.

Neal Landfill-Module 4

Assume E = 30,000 psi
SDR| Po(psi) | Pw(ps) | Fs |
M| 52297 2406 7 4.9 v/
15 20.62 ¥ 276.7v 31 |~
17 1417 ¥ 220.3V 25 |v
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Subject: Leachate Collection Pipe Structural Integrity - HRL

Job No.: 033-7359 Made by: )M
Ref: Checked:RE

Date: Oct. 2003
Sheet: 3 of 7

Design for Ring Deflection

Vertical ring strain of pipe must be less than allowable ring strain

Ring strain in Pipe (s,,) = P/E'

Allow. Ring Strain (s,) = (0.25)(0.01)SDR x 100

Factor of Safety = &,/g,,

SDR| e, (%) ea(%) | Fs |
11 1.55 275V 1.8
15 1.55 7 3.75 v 2.4
17 1.55 4.25Y 2.7

Note: FS>1.0 acceptable

CONCLUSIONS: SDR 11 for 4-in dia. pipes acceptable and will perform well under the proposed loads.

Neal Landfill-Module 4
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Subject. Leachate Collection Pipe Structural Integrity - HRL

Job No.: 033-7359

Made by: KM Date: Oct, 2003
Checked:L>R2.¢ ] Shest: 4 of 7
' 4

OBJECTIVE: To verify structural capacity of future 4", SDR HDPE LCRS pipe based on proposed fill
grades.

APPROAGH: The design method in the Driscopipe design manual is used to assess the structural stability
of the leachate collection pipes with respect to wall crushing, wall buckling, and ring
deflection. This methodology is also described in Sherma & Lewis (1994),

GIVEN:

Pipe Properties
SDR
oD =

Allowable Long-term Stress (S,0w) =

REFERENCES:

Neal Landfill-Module 4

Perforations (No./row/ft) =
Diam. Of Perforation =
No. of rows

Applied Loading
Depth of Cover =

Unit weight (y) =
External Pressure (Py) =

Backfill Material Properties

18 or 17  or 21
4 in
1500 psi
2
0.25 in
4

180 ft

70 pef  Using conservatively high unit weight for Hay Rd
12600 psf

88 psi v/

Type: Clean, rounded gravel
Relative Density = >70%

Soil Modulus =

5800 psi  (from Table 1. Ref 2 and 3)

(1) Driscopipe Systems Design, Phillips Driscopipe, 1996

(2) Guidelines for HDPE Pipes in Deep Fills, Plexco Pipe, Jan. 1998

(3) "Replacing E' with the Constrained Modulus in Flexible Pipe Design," published paper
by Timothy J. McGrath, Principal, Simpson & Heger Inc., Consulting Engineers, 297

Broadway, Arlington, MA 02174



P , Subject: Leachate Collection Pipe Structural Integrity - HRL
. N Job No.: 033-7359 Made by: K4 Date: Oct. 2003
L agiel- (o lder Ref: Checked: WRC Sheet: g of
A Associates g7

CALCULATIONS:
Design for Crushing
Wall stress in pipe must be less than allowable compressive stress(FS>1)

Wall stress in pipe (S) = (SDR-1)*(Py2)
Factor of Safety = S,0u/S

SDR] s (psi) | Fs_ |

15 [ 612.50 V 24 9
17| 700.00~| 24 ¥
21 875.00/ 1.7 :

Design for Wall Buckling
Wall stress in pipe must be less than critical buckling stress

Critical Collapse Pressure (P,,) = 2.32*E/(SDR)®
Critical Buckling Pressure (P.,) = 0.8%E"Pcr)*0.5
Factor of Safety = Pg,/P,

E = Long-term Young's Modulus

Typically, E is obtained from a chart in Ref 1. However, for high loading conditions
this is overly conservative. As the pipe is compressed, the stress acting on the pipe
reduces. Therefore, the manufacturer recommends using a minimum long-term
modulus of 30,000 psi.

Assume E = 30,000 psi
SDR| Pu(psi) | Pu(ps) | Fs |
5| 20.62 576.7 32t Y
17 1417 229.3 26 |V
21| 752 167.0 19 |/

Neal Landfill-Module 4



Subject: Leachate Collection Pipe Structural Integrity - HRL

Job No.: 033-7359 Made by: JifF Date: Oct. 2003
Ref: Checked:L@Ct  Sheet: 4 of 7

Design for Ring Deflection
Vertical ring strain of pipe must be less than allowable ring strain

Ring strain in Pipe (g,,) = P{/E'
Allow. Ring Strain (e;) = (0.25)(0.01)SDR x 100
Factor of Safety = e./s,,

SDR| ew(®) | e(%) | Es |
15 151 « 3.75 7 | 25
17 1.51¢ 425 2.8
21 1561V 5.5/ 35

Note: FS>1.0 acceptable

CONCLUSIONS: SDR 15 to 21 will perform well for the proposed grading plan.

Neal Landfill-Module 4

~~
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Appendix E
Slope Stability Calculations



SLOPE STABILITY SUMMARY SHEET
(AS REQUESTED BY SOLANO COUNTY)

OBJECTIVE: The overall objective of the slope stability analyses is to demonstrate that the
proposed final grading plan with a maximum elevation of 215 feet msl complies with the
requirements of Title 27. To demonstrate compliance with Title 27, a static Factor of Safety of 1.5 or
greater is required. In addition, seismically-induced slope movements must be sufficiently small that
critical environmental controls are not adversely damaged. The current state of the practice in
California is to limit seismically-induced to 12-inches or less to ensure that critical landfill controls
are not adversely damaged.

METHODS AND ASSUMPTIONS: The methods and key assumptions are discussed in the first
page of the calculation package and in the text of the Preliminary Closure and Postclosure
Maintenance Plan (PCPMP).

FATLURE MODES EVALUATED: The attached calculations address potential failure through the
foundation soils and potential slippage along the liner system.

RESULTS AND CONCLUSIONS: Using conservative assumptions, the potential failure mode
through the foundation soils has a static FS > 2.0 and seismically induced slope movements are less
than 1-inch. It is also noted that this is not the critical failure mode because potential slippage along
the liner system had lower factors of safety. The static FS for slippage along the liner was 1.53 or
greater. The maximum computed seismically induced slope movement was 2.6 inches.

These values meet or exceed the criteria established to demonstrate compliance with Title 27.
Furthermore, as discussed with Solano County, it is noted that the leachate lines are oriented
perpendicular to the perimeter of the landfill, and therefore, the leachate lines would be subject to
tension and/or compression loads, which is a more favorable loading condition than shear loads.
Therefore, the computed seismically induced slope movements will not adversely damage the
leachate collection lines, liner system, or other environmental controls.

COMPARISON TO PREVIOUS COVER GRADING PLAN:

The previous cover grading plan with a maximum elevation of 165 feet msl had a minimum
static FS of 1.62 with seismically induced movements of approximately 5-inches. The new
cover has a slightly reduced static FS of 1.53 and lower seismically induced movements of
less than 3-inches. The reduced seismically induced movements is attributed the higher
attenuation of seismic ground accelerations that often occurs in thicker refuse masses.



—Golder

SUBJECT — Hay Road Vertical Expansion
Job No. 033-7359 | Madeby WRC =+ |[Date 4 Nov 03
2 | - | Checked < Mt~ | Sheet 1/1
w’ Asgocrates Reviewed by gB—

Objective: Perform slope stability calculations required for the Hay Road Vertical Expansion . .
design. Slope conditions for foundation slope stability and refuse slope stability wsrev‘a.nalyz}'e«d m

. order to verify the stability of the grading plan associated with the expansion. Both static and =

seismic stability runs were performed resulting in static factors of safety and permanent.
displacements respectively for the different slope conditions analyzed.

Methodology: A minimum static factor of safety equal to 1.5 is the design criteria Vspe“ci-ﬁéd :by_"

CCR Title 27 for Class II landfills. Permanent displacements of less than 12-inches are the
accepted maximum value for liner systems in the State of California. Tliese design criteria were
used to verify that the slope conditions as a result of the vertical expansion would be acceptable. -

vk

The computer software package SLIDE (v. 3 .047) was used to perform stabﬂify oalculat1ons
Global factors of safety were calculated using Bishop’s Simplified Method and block type .
failures associated with the refuse mass weré caloulated using Spencer’s Method. =« »# v+

Effective stress conditions were accessed for foundation slope stability. Drained shear strength -

was characterized by.an internal friction angle of 32 degrees with no cohesion (Emcon, 1993).

" For refuse slope stability, the critical liner component interface was assumed to have an internal -

friction angle of 9 degrees with no cohesion (Geosyntec 1995). The refuse mass was assigned a
unit weight of 70 pef based on waste density calculations performed by Golder and an internal
friction angle of 30 degrees with 200 psf cohesion, which is in the range of values developed by '
Singh and Murphy (1990) and Kavazanjian (1995). - R

i E N EERIEANE LI

Permanent displacements resulting from pseudo-static seismic stability calculations were
estimated using the simplified method developed by Bray et. al. (1998). A series of seismic -
charts presented in Bray et. al. (199 8) was used to calculate the permanent displacements for-each

condition analyzed (See Attachment 2).

The design earthquake, maximum credible earthquake (MCE), results from a blind thrust fault
along the Central Valley Coastal Range (Geosyntec, 1995). The hypocentral distance is 13 km
with 2 moment magnitude (Miw) of 7.0 and a peak bedrock acceleration of 0.35g.

Solution: Slope stability calculations were perforined on two sections, Sections A-A’ and B-B’
(See Figure 4). Foundation or global stability was verified for both sections using drained shear
strength parameters. Refuse slope stability was examined for both sections. Included in this
package are the SLIDE outputs for static and psendo-static slope stability. |

Results: Minimum static factor of safety were calculated for foundation slope stability, and for
refuse slope stability on sections A-A’ and B-B’. All static factors of safety were equal to or
greater than the required value of 1.5, The maximum permanent displacement calculated for the
various sections was approximately 3~inches, which is below the maximum accepted value of 12~

inches.

Conclusions: The results of this calculations package verify that the slope configurations for the
vertical expansion at Hay Road comply with CCR Title 27 and accepted practices in the State of

California for slope stability.
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Slide Analysis Information

Document Name

section a-a' eff.sli

Project Settings

Project Title: SLIDE - An Interactive Slope ‘Stability Program
Failure Direction: Left to Right

Units of Measurement: Imperial.Units

Pore Fiuid Unit Weight, 62.4 1b/ft3

Water Pressure Type: Water Surfaces

Data Output: Standard

Analysis Methods

Analysis Methods used:
Ordinary

Bishop simplified
Janbu simplified

Janbu corrected

Number of slices: 25

Tolerance: 0.005
Maximum number of iterations: 50

Surface Options

Surface Type: Circular

Radius increment: 10

Minimum Elevation: Not Defined
Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack

Loading .

Seismic Load Coefficient (Horizontal): 0.06
Seismic Load Coefficient (Vertical): 0

Material Properties

Material: Refuse

Strength Type: Mohr-Coulomb -
Unit Weight: 70 [b/ft3

Cohesion: 200 psf .

Friction Angle: 30 degrees
Water Surface: None

Hu value: 1




Material: Liner )
Strength Type: Mohr-Coulomb - -
Unit Weight: 120 Ib/ft3

Cohesion: 0 psf

Friction Angle; 13 degrees

. Water Surface: None

Hu value: 1

Material. Subsurface-1
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: O psf

Friction Angle: 32 degrees
Water Surface: Water Table
Hu value: 1

Global Minimums

Method: ordinary

SF: 1.31022 :

Center: -268.643, 341.086

Radius: 529.477

Left Slip Surface Endpoint: -780.593, 205.983
Right Slip Surface Endpoint: 166.895, 40

Method: bishop simplified

SF:2.07093

Center: -300.86, 502.172

Radius: 657.569

Left Slip Surface Endpoint; -891.643, 213.429
Right Slip Surface Endpoint: 166.895, 40

Method: janbu simplified

SF: 1.76501

Center; -300.88, 405.52

Radius: 583.633

Left Slip Surface Endpoint: -862.78, 214.09 .
Right Slip Surface Endpoint: 166.895, 40

Method: janbu corrected

SF: 1.91828

Center: -300.86, 405.52

Radius: 593.633

Left Slip Surface Endpoint: -862.78, 214.09
Right Slip Surface Endpoint: 168.895, 40
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Slide Analysis Information

Document Name

section a-a' block.sli

Project Settings

Project Title: SLIDE - An Interactive Slope Stability Program
Failure Direction: Left to Right

Units of Measurement: Imperial Units

Pore Fluid Unit Weight: 62.4 Ib/ft3

Water Pressure Type: Water Surfaces

Data Output: Standard

Analysis Methods =~

Analysis Methods used:
Ordinary

Bishop simplified
Janbu simplified
Spencer

Janbu corrected

Number of slices: 25

Tolerance: 0.005
Maximum number of iterations; 50

Surface Options

Surface Type: Non-Circular Block Search
Number of Surfaces: 1000
Pseudo-Random Surfaces: Enabled
Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 135
Left Projection Angle (End Angle): 135
Right Projection Angle (Start Angle): 45
Right Projection Angle (End Anglg): 45

Loading

Seismic Load Coefficient (Horizontal): 0
Seismic Load Coefficient (Vertical): O

Material Properties

Material: Refuse
Strength Type: Mohr-Coulomb
Unit Weight: 70 Ib/ft3




Cohesion: 200 psf
Friction Angle: 30 degrees
Water Surface: None

Hu value: 1 :

Material: Liner

Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/it3
Cohesion; 0 psf

Friction Angle: 9 degrees
Water Surface: None

Hu vaiue: 1

Material; Subsurface-1
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3 :
Cohesion: 1500 psf

Friction Angle: 0 degrees
Water Surface: None

Hu value: 1

Material: Subsurface-2
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 1400 psf

Friction Angle: 0 degrees
Water Surface: None

Hu value: 1

Material: Subsurface-3
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 2100 psf

Friction Angle: 0 degrees
Water Surface: None

Hu vaiue: 1

Material: Subsurface-4
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 3000 psf

Friction Angle; 0 degrees
Water Surface: None

Hu value: 1

Global Minimums

'Method: ordinary
SF:1.45418
Axis Location: -249.225, 976.353

Left Slip Surface Endpoint: -848.219, 214.423



Right Slip Surface Endpoint: 0.822535, 40

Method: bishop simplified

SF: 1.50322

Axis Location: -248.225, 976.353

Left Slip Surface Endpoint: -848.219, 214.423
Right Slip Surface Endpoint: 0.822535, 40

Method: janbu simplified

SF: 1.45346 :

Axis Location: -249.225, 976.353

Left Slip Surface Endpoint: -848.219, 214.423
Right Slip Surface Endpoint: 0.822535, 40

Method: spencer

SF: 1.53371

Axis Location: -248.225, 976.353

Left Slip Surface Endpoint: -848.219, 214.423
Right Slip Surface Endpoint: 0.822535, 40

Method: janbu corrected

SF: 1.54644

Axis Location: -249.225, 976.353

Left Slip Surface Endpoint: -848.218, 214.423
Right Slip Surface Endpoint: 0.822535, 40

Method Statistics

Method: ordinary
Number of Valid Surfaces: 1000
Number of Invalid Surfaces: 0

Method: bishop simplified
Number of Valid Surfaces: 1000
Number of Invalid Surfaces: 0 -

Method: janbu simplified
Number of Valid Surfaces: 1000
Number of Invalid Surfaces: 0

Method: spencer
Number of Valid Surfaces: 1000
Number of Invalid Surfaces: 0

Method: janbu corrected
Number of Valid Surfaces: 1000
Number of Invalid Surfaces: O
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Slide Analysis Information

Document Name

block section b-brev1.sli

Project Settings

Project Title: SLIDE - An Interactive Slope Stability Program
Failure Direction: Left to Right

Units of Measurement: Imperial Units

Pore Fluid Unit Weight: 62.4 Ib/ft3

Water Pressure Type: Water Surfaces

Data Output: Standard

Analysis Methods

Analysis Methods used:
Ordinary

Bishop simplified
Janbu simplified
Spencer

Janbu corrected

Number of slices: 25

Tolerance: 0.005
Maximum number of iterations: 50

Surface Options

Surface Type: Non-Circular Block Search
Number of Surfaces: 1000
Pseudo-Random Surfaces: Enabled
Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 135
Left Projection Angle (End Angle): 180
Right Projection Angle (Start Angle): 25
Right Projection Angle (End Angle): 55

Loading

Seismic Load Coefficient (Horizontal): 0.
Seismic Load Coefficient (Vertical). O

Material Properties -

Material: Refuse
Strength Type: Mohr-Coulomb
Unit Weight: 70 Ib/ft3




Cohesion: 200 psf
Friction Angle: 30 degrees
Water Surface: None

Hu value: 1

Material: Liner

Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 0 psf

Friction Angle: 9 degrees |
Water Surface: None

Hu value; 1

Material: Subsurface 1
Strength Type: Mohr-Cotllomb
Unit Weight: 120 Ib/ft3
Cohesion: 1500 psf

Friction Angle: 0 degrees
Water Surface: None

Hu value; 1

Material: Subsurface 2
Strength Type: Mohr-Coulomb
Unit Weight; 120 Ib/ft3
Cohesion: 1400 psf

Friction Angle: 0 degrees
Water Surface: None

Hu value: 1

Material: subsurface 3
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 2100 psf

Friction Angle: 0 degrees
Water Surface: None

Hu value: 1

Material: Subsurface 4
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 3000 psf

Friction Angle: 0 degrees

" Water Surface; None

Hu value: 1

Global Minimums

Method: ordinary
SF: 1.52364
Axis Location; -356. 269 872 602

Left Slip Surface Endpoint; -883.557, 192.376




Right Slip Surface Endpoint: -128.481, 42.6353

Method: bishop simplified

SF: 1.6252

Axis Location: -356.269, 872.602

Left Slip Surface Endpoint: -883.557, 192.376
Right Slip Surface Endpoint: -128.461, 42.6353

Method: janbu simplified

SF: 1.67239

Axis Location: -356.269, 872.602

Left Slip Surface Endpoint: -883.557, 182.376
Right Slip Surface Endpoint: -128.461, 426353

Method: spencer

SF: 1.67418

Axis Location: -364.282, 921.839

Left Slip Surface Endpoint: -021.198, 195
Right Slip Surface Endpoint: -116.96, 40.2031

Method: janbu corrected

SF. 1.67418

Axis Location: -356.269, 872.602

Left Slip Surface Endpoint: -883:557, 192.376
Right Slip Surface -Endpoint: -128.461, 42.6353

Method Statistics

Method: ordinary_
Number of Valid Surfaces: 1000
Number of Invalid Surfaces: 0

Method: bishop simplified
. Number of Valid Surfaces: 1000
Number of invalid Surfaces: 0

Method: janbu simplified
Number of Valid Surfaces: 1000
Number of Invalid Surfaces: 0

Method: spencer
Number of Valid Surfaces: 1000
Number of Invalid Surfaces: 0

Method: janbu corrected
Number of Valid Surfaces: 1000
Number of Invalid Surfaces: 0




Calculate:

‘Simplified Seismic Design Procedure
Bray, Rathje, Augello ‘Merry, 1998

Application: . Foundation Slope] Stablh’cy iEffective. Stress Analy51s ' ‘

Project: ‘Hay Road Verhc:al Expansmn ‘
Section: AR S ﬂo’faﬂ}aj /Zl
-Date: 11/3/2003 ‘
| 7%/‘00;9 PW%'ZLW?
Design EQ-Event o Ss) /
‘Mag. = 7 S o
Ep. Distance = 10km
MHA-= 0.35:g
Waste Depth = 29.:m (average) .
Ky = 0.3 ' S
“Determine: , ‘
Tm= 0.53s R S
D5-95 = . 1'4":5 . -
NRF = 1.045
Calc: o
Sh= 230 mfs -
Ts= 0.504
Ts/Tm= 0.952
Determing: ,

MHEAMHA/NRF = 0.55

MHEA = 0.201163
ky/MHEA = 1.491332

Determine .
U/MHA/D5 95 = 1 mm/s

Calculate:
Displacement = 2.8-mm
= 0.14n.
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Slide Analysis information

Document Name

section a-a' seismic eff.sli

Project Settings

Project Title: SLIDE - An interactive Slope Stability Program

Failure Direction: Left to Right

Units of Measurement: imperial Units -
Pore Fluid Unit Weight 62.4 1b/it3
Water Pressure Type: Water:Surfaces

‘Data Output: Standard

Analysis Methods

Analysis Methods used:
Ordinary

Bishop simplified

Janbu simplified

Janbu corrected

Number of slices: 25

Tolerance: 0.005
Maximum number of iterations: 50

Surface Options

Surface Type: Circular

Radius increment: 10

Minimum Elevation: Not Defined
Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack

Loading

Seismic Load Coefficient {Horizontal): 0.3
Seismic Load Coefficient (Vertical):-0

Material Properties

Material; Refuse ‘
Strength Type: Mohr-Coulomb
Unit Weight: 80 Ib/ft3
Cohesion: 200 psf

Friction Angle: 30 degrees
Water Surface: None

Hu value: 1




Material: Liner

Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 0 psf

Friction Angle: 13 degrees
Water Surface: None

Hu value: 1

Material; Subsurface-1
Strength Type: Mohr-Coulomb
Unit Weight: 120 1b/it3
Cohesion: 0 psf

Eriction Angle: 32 degrees
Water Surface: Water Table
Hu value: 1

Global Minimums

Method: ordinary_

SF: 0.584976

Center: -268.643, 341.086

Radius: 529.477

Left Slip Surface Endpoint: -780.593, 205.983
Rigtit Slip Surface Endpoint: 166.895, 40

Method: bishop simplified

SF: 1.00055

Center: -333.077, 631.04

Radius: 774.145

Left Slip Surface Endpoint: -983.569, 211.326
Right Slip Surface Endpoirit: 166.895, 40

Method: janbu simplified

SF: 0.882495

Center: -333.077, 566.606

Radius: 726,144

Left Slip Surface Endpoint: -966.589, 211.714
Right Slip Surface Endpoint: 166.895, 40

Method: janbu corrected

SF: 0.953459

Center: -333.077, 566.606

Radius; 726.144

Left Slip Surface Endpoint: -966.589, 211.714
Right Slip Surface Endpoint: 166.895, 40

Method Statfistics

Method: ordinary_
Number of Valid Surfaces: 2626




Simplified Seismic Design Procedure
Bray, Rathje, Augelio, Merry, 1998 R

Application: Refuse Slope Stability .~ . ok
Project: ‘Hay Road Vertical:Expansion. AR
Section: - AA' - pﬁ-l'w#"‘g Z lwe
Date: 14/3/2003 g{AMﬂ_ Jineg?
Design EQ Event , T
' Mag. = - 7
Ep. Distance = 10 km
. MHA= 0.35g
Waste Depth = 29 m (average)
' Ky= 0.086
Determine:
Tm = 0.52s -
D5-95 = 14 s
NRF = 1.045
Caic: | o
Sh= 235 m/s
Ts = D.494
Ts/Tm = 0.949
De‘termine:' R ‘
MHEA/MHA/NRF = 0.55
Calculate:

MHEA = 0.201163
kyMHEA = 0.427515

Determine

U/MHA/D5-95 = 23 mm/s
Calculate:
‘Displacement = 64.8 mm

=  26in
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Sflide Analysis Information

Document Name

section a-a' seismic block.sli

Project Settings

Project Title: SLIDE - An'Interactive ‘Slope ‘Stability Program
Failure Direction: Left to Right

Units of Measurement: Imperial Units

Pore Fluid Unit Weight: 62.4 Ib/ft3

Water Pressure Type; Water Surfaces

Data Qutput: Standard-.

Analysis Methods

Analysis Methods used:
Ordinary

Bishop simplified
Janbu simplified
Spencer

Janbu corrected

Number of slices: 25

Tolerance: 0.005 :
Maximum number of iterations: 50

Surface Options

Surface Type: Non-Circular Block Search
Number of Surfaces: 1000 _
Pseudo-Random Surfaces: Enabled
Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 135
Left Projection Angle (End Angle): 135
Right Projection Angle (Start Angle):-45
Right Projection Angle (End Angle): 45

Loading |

Seismic Load Coefficient (Hor’fzontél): 0086
Seismic Load Coefficient (Vertical): 0

.Materiai Properties

Material: Refuse :
Strength Type: Mohr-Coulom
Unit Weight: 70 Ib/ft3




Cohesion: 200 psf
Friction Angle: 30 degrees
Water Surface: None

Hu value: 1

Material: Liner

Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 0 psf

Friction Angle: 9 degrees
Water Surface: None

Hu value: 1

Material; Subsurface-1
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 1500 psf
Friction Angle: 0 degrees
Water Surface: None
Hu value: 1

Material: Subsurface-2
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 1400 psf

Friction Angle: 0 degrees
Water Surface: None

Hu value: 1

Material: Subsurface-3
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 2100 psf

Friction Angle: O degrees
Water Surface: None

Hu value: 1

Material: Subsurface-4
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 3000 psf

Friction Angle: O degrees
Water Surface: None

Hu value: 1

Global Minimums

Method: ordinary_

SF: 0.9358 A

Axis Location; 249.225, 976.353

Left Slip Surface Endpoint: -848.219, 244,423




Right Slip Surface Endpoint: 0.922535, 40

Method: bishop simplified

SF: 0.990099

Axis Location: -249.225, 976.353

‘Left Slip Surface Endpoint: -848.:219, 214.423
Right Slip Surface Endpoint: 0.922535, 40

Method: janbu simplified

SF: 0.953749

Axis Location: -249.225, 976.353

Left Slip Surface Endpoint: -848.219, 214423
Right Slip Surface Endpoint: 0.922535, 40

Method:_spencer

SF: 0.999916

Axis Location: -249.225, 976.353

Left Slip Surface Endpoint: -848.219, 214.423
Right Slip Surface Endpoint: 0.922535, 40

Method: janbu corrected

SF: 1.01476

Axis Location; -249.225, 976.353

Left Slip Surface Endpoint: -848.219, 214.423
Right Slip Surface Endpoint: 0.922535, 40

Method Statistics

Method: ordinary
Number of Valid Surfaces: 1000

Number of Invalid Surfaces: 0

Method: bishop simplified
Number of Valid Surfaces: 1000
Number of invalid Surfaces: 0

Method: janbu simplified
Number of Valid Surfaces: 1000
Number of Invalid Surfaces: 0

Method: spencer .
Number of Valid Surfaces: 999

Number of Invalid Surfaces: 1

Error Codes: -111

Method: janbu corrected
Number of Valid Surfaces: 1000
Number of Invalid Surfaces: 0




Simplified Seismic D esign Procedure
Bray, Rathje, Augello, Meiry, 1998

Application: Refuse Slope Stability
Project: -Hay RoadVertical Expansion
Section: B-B' SRR
Date: 11/3/2003
Design EQ:Event
Mag. = 7
Ep. Distance = 10 km
MHA = 0.35.g :
Waste Depth = 29'm (average)
Ky = 0.106
Determine:
Tm= 0.52 s
D5-95 = 14 5
NRF = 1.045
Caic:
Sh= 235 m/s
Ts= -0.454
" Ts/Tm= 0.949
Determine:
MHEA/MHA/NRF = 0.55
Calculate:

MHEA = 0.201163
ky/MHEA = 0.528937

Determine

UMHA/D5S-95= 10-mm/s
: Calcula.té:

Displacement = 28.2-mm

= 1.1 in.
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Slide Analysis Information

Document Name

block seismic section b-brev1 sl

Project Settings

Project Title: SLIDE - An Interactive Slope Stability Program
Failure Direction: Left to Right

Units of Measurement: Imperial Units

Pore Fluid Unit Weight: 62.4 1b/ft3

Water Pressure Type: Water Surfaces

Data Output: Standard

Analysis Methods

Analysis Methods used: -
Ordinary

Bishop simplified

Janbu simplified

Spencer

Janbu corrected

Number of slices: 25

Tolerance: 0.005
Maximum number of iterations: 50

Surface Opfiions

Surface Type: Non-Circular Block Search
Number of Surfaces: 1000
Pseudo-Random Surfaces: Enabled
Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 135
Left Projection Angle (End Angle): 180
Right Projection Angle (Start Angle): 25
Right Projection Angle (End Angle): 55

Loading

Seismic Load Coefficient (Horizontal): 0.106
Seismic Load Coefficient (Vertical).-0

Material Properties

Material: Refuse
Strength Type: Mohr-Coulomb
Unit Weight: 70 1b/ft3




N

Right Slip Surface Endpoint: -128.461, 42,6353

Method: bishop simplified

SF: 0.983395

Axis Location: -364.282, 921.839

Left Slip Surface Endpoint: -921.198, 195
Right Slip Surface Endpoint: -1 16.96,-40.2031

Method: janbu simplified

SF: 0.943951

Auxis Location; -364.282, 921.839 .

Left Slip Surface Endpoint: -621.198, 195
Right Slip Surface Endpoint: -116.96,-40.2031

Method: spencer

SF: 1.00016

Axis Location: -364.282, 921.839

Left Slip Surface Endpoint: -921.198, 185
Right Slip Surface Endpoint: -1 16.96,40.2031

Method: janbu corrected

SF: 1.00417 )

Axis Location: -364.282, 821.839

Left Slip Surface Endpoint: -921.188, 195
Right Slip Surface Endpoint: -1 16.96, 40.2031

iethod Statistics

Method: ordinary :
Number of Valid Surfaces: 1000

Number of Invalid Surfaces: 0

Method: bishop simplified .
Number of Valid Surfaces: 982
Number of invalid Surfaces: 18
Error Codes: ~112

Method: janbu simplified
Number of Valid Surfaces: 976
Number of Invalid Surfaces: 24
Error Codes: -112

Method: spencer
Number of Valid Surfaces: 976

Number of Invalid Surfaces: 24
Error Codes: 112"

Method: janbu corrected
Number of Valid Surfaces: 876
Number of Invalid Surfaces: 24
Error Codes: -112




Cohesion: 200 psf
Friction Angle: 30 degrees
Water Surface: None

Hu value: 1

Material: Liner

Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 0 psf

Friction Angle: 8 degrees
Water Surface: None

Hu value: 1

Material: Subsurface 1
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 1500 psf

Friction Angle: 0 degrees
Water Surface: None

Hu value: 1

Material: Subsurface 2
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 1400 psf

Friction Angle: 0 degrees
Water Surface: None

Hu value: 1

Material: subsurface 3
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ibfft3
Cohesion: 2100 psf

Friction Angle: O degrees
Water Surface: None

Hu vaiue: 1

Material; Subsurface 4
Strength Type: Mohr-Coulomb
Unit Weight: 120 Ib/ft3
Cohesion: 3000 psf

Friction Angle: D degrees
Water Surface: None

Hu value: 1

Global Minimums

Method: ordinary

SF; 0.907803 L

Axis Location: -356.269, 872.602

Left Slip Surface Endpoint. -883.557, 192.376




- 0.01

Chnets Feom égﬁ%FcifZ4/ Ve

R

BRAY, RATHJE, AUGELLD AND MERRY e Seismic Design for Lined Solid-Waste ?!,_éndﬁns

s

— ——

B l':‘ll[

-~

N | |1|Hl]

- event

~

M, =6.0"
M, = 7.0
M, = 8.0

1 T T TTITH

Strike slip

1 N O

10

100

Distance (km)

(]
‘.'h. .
]llllll\l‘.llllrll'll

0.0 I A

1

-
i
—t

lllllll‘lll

0 20 40 60

(c)

Significant duration, Ds.; (S)

80 100

Distance (km) | |
Figure 2. Simplified characterization .of earthquake m:ck.moﬁﬁns: (a) .imensitg{,.Mm
for strike-slip-faults. (For reverse faults, use 1.3 X MHA for M, = 6.4iand 164 MIHA

s

and: Silva 1996).

Aﬁachme.nt.Z‘. :

o

Somrce: Bra

a
S0

0
o
RN RRNRRRRNEEERNRRRRERERE

B O1
1000 S

o\
O

lIlIIIIIJlll-l:lIlJllI.i.l'll.llIII

D.
0

P
0 20 40 60 80 100

for M, = 6.0; with, linear interpolation for 6.0: < M, < 64) {ﬁtmhamsum apd Silya
 1999); (b) frequency content, T, (Rathje et al. 1998); (c) duration, Ds.os (Abrahamsom:

y et. al., “Seismic Pesign: for Lined: Solid~Waste

kT e l® o Wit e kBl T KT L% BOWT o i M OWORO



/4

BRAY, RATHJE, AUGELLO AND MERRY e Seismic Design for Lined Solid-Waste Landfills

Shear wave velocity, V; (m/s)

0 100 200, 300 . 400 500
O T T ] n,‘ T | T \\1 ‘4 T T T T 1 ¢
- !‘ \‘il -
. ' ‘\ ,g‘liA\
15 T \ g A o —]
i 1 \ Eo Recommended
! Ty range i
y ) . 5‘ 1
E 30[ =
3 L i
g
45 -~ =
- Average profile E
60 -

75 -!11111141

Figure 3. Shear wave velocity ~pmﬁles for municipal soli

al. 1996).

Attachment 2. Sou:;:ce:

Landfills,” Geosynthetics International, Vol. 5, Nos. 1-2, 1998:

d-waste (after Kavazanjian ei:_ :

Bray et. al,, “Seismic Design- for Lined:-Solid~Waste



MHEAg3s | [(MHAwo, ) (NRF)]

)
o)

+

d T 7T 71
. &
.

&,
¢

-~

1

T 7"1“- ~ "‘.l - T [ T 7 T T l

Rock site median

nes

3/

16th and 84t probability, of exceedance i .
MHAgocx (9) NRF _

S04 1.35 A

0.2 120

0.3 1.09 -

0.4 1.00 1

0.5 082 ]

0.6 0.87 —

0.82

30 40 50 60 70 80

Towaste | Tmeo

Figure 6. Normalized maximum horizontal equivalent acceleration for base sliding
versus normalized fundamental period of waste fill (adapted from Bray and Rathje 1998).

T
o
N

Attachment 2. .

Source: Bray et. al., “Seismic Design for Lined Solid-Waste
Landfills,” Geosynthetics International, Vel..5, Nos, 1-2, 1998



4y

| é'R;Y ,RA'FHJE, AUGE‘LLD AND MERRY e Seismic Design for Lined Solid-Waste Landfills

10000 g ] 7 ' | k i s 3
= B ’
2 =
) - :
= - 3
8] L
o i ]
e ) -
TE= 100 E E
o) ,E E 3
£ - ] \‘
= i )
g 10 E
£EX= C : 3
= - :
B < i |
X - X M,=70| : -
£ O M,=80 | . ]
o) 01 = —— Median prediction E
= - — —  16% probapility of exceedance ]

0.01 N M : |
0.6 0.2 0.4 0.6 0.8 1.0

K 1 K

Figure 11. Normalized base liner sliding displacements.(from Bray and Rathje 1998).

| Attachment 2. Somrce: Bray et. al.,, “Seismic Design for Linét_i? Solid-Waste-
Landfills,” Geosynthetics Internationgk. Vol. 5; Nos. 1-2, 1998.



Appendix F

Conceptual Surface Water
Drainage Calculations



Surface Water Runoff and Drainage Calculations for the Final Cover
Grading Plan at Hay Road Landfill

The purpose of this calculations package was to perform a surface water hydrologic study
of the revised final cover grading plan for the Norcal Waste Systems Hay Road Landfill.

The results of that analysis are presented below.

This analysis was done to estimate the peak discharges resulting from the site’s design
storm event, the 1000-year, 24-hour storm. Peak discharge was estimated at various
points around the site and those values were used to size downdrains and verify the
capacity of the existing perimeter conveyance channel.

Final Cover Grading Plan _

The current permitted final cover grading plan in shown on Drawing 2 of the JTD. The
final cover has top deck portions, which are sloped at 5-percent. Slopes connecting the
outer top decks to the middle top deck are sloped at 9-percent. The diversion berm
around the perimeter of the top deck is graded to drain from 1 to 4 percent. The side-
slopes of the final cover are inclined at 4H:1V. The access ramps are sloped at 6-percent
and the benches are graded at 2-percent towards drainage inlets located at low points on

the benches.

Runoff from the top-deck will flow to low points on the cover and will be conveyed
down the side-slopes through downdrains. Runoff from the side-slopes is collected at
low points along the benches and conveyed through downdrains to the perimeter
conveyance channel.

The perimeter conveyance channel is a trapezoidal ditch that will carry runoff from the
site to the A-1 Channel located in the southeast corner of the site. There are two
perimeter conveyance channels, one extending around the north perimeter of the site and
one 1o the south. Outflow from the downdrains will empty into the conveyance channels
and flow to the A-1 channel. '

Currently drainage from the site is discharged into the Bird Sanctuary. At the time of
closure rumoff will be diverted to the A-1 channel that runs parallel to the site on the
north and east sides. The perimeter conveyance channel grades range from 0.22 % to
0.03 %. The existing side-slopes vary, it is assumed for this analysis that the side-slopes
will be shaped to approximately 2H:1V as part of the final closure plan.

Precipitation |
The final cover grading plan and the mnoff conveyance system are required to manage
the 1000-year, 24-hour design storm event. Intensity, Duration, Frequency (IDF) curves
were developed using site specific rainfall data. The curves are presented in Figure 2.
The site is expected to receive 5.39-inches of precipitation resulting from the design



storm. The IDF curve for the design event was used to calculate Rainfall Intensity, I,
used in the Rational Method to estimate peak discharge. I T

Methodology - » - ‘ o |
The Rational Method was used to estimate peak discharge and model the flow regime of
the conveyance channel during the design storm event. The Rational Method is.a..;
function of watershed area, runoff potential, and rainfall intensity. To estimate rainfall
intensity the time requited for overland flow the most remote portion of each watershed is

calculated. T'hisw t‘eﬁﬁ is called Time to Concentration (tc).

The Federal Aviation Administration (FAA) developed an equation for tc for larger
uniformly graded watersheds with overland travel lengths greater than 300-feet. The
FAA equation for tc was formulated for use with the Rational Equation. In this equation
tc is a function of overland travel length, slope, and runoff potential or conversely. -

infiltration.

Infiltration -

The Rational Method uses a runoff coefficient, C, to gage infiltration and runoff . i
potential. A C value was selected for both the top deck and the side-slopes of the final
cover. C is dependent on soil surface texture, slope, and storm recurrence interval, refer
to Attachment 1. A C value of 0.4 was selected for the top deck and a value of 0.5 for the,
side-slopes. These values are consistent with those used at other landfills in California

with similar cover systems and soil types.

Watershed Delineation ‘
The final cover grading plan was divided into two watersheds, north and south. Within
each half of the cover system the watersheds were further divided into 8 basins. '
Depending on whether a particular basin had a runoff contribution from the top-deck the
basins were further divided into two or three sub-basins. The sub-basins were placed in
three groups, A (top-deck areas), B (sides-slope areas flowing to downdrains, and C . -
(side-slope areas flowing directly to the conveyance channel). All the sub-basins are . :

listed in Table 1 and shown on Figure 1. |

Peak Discharge (HEC-HMS)

Peak discharge was estimated for each of the 40 sub-basins using the Rational Method.
The input parameters used for the Rational Method include tc, watershed area, C, grade,
slope length, collector length, and collector velocity: The calculated peak discharges and .
related parameters for each sub-basin are presented in Table 1. A sample calculation =
using the Rational method is presented in Attachment 2. The development of flow




—

velocity for the benches and perimeter conveyance channels are presented in Attachment

o)
J.

Downdrains

Downdrain locations were identified on the final cover grades to develop storm water
management. Downdrain inlets were located at the low points on the final cover grades
to collect runoff and drain flow to the perimeter conveyance channel.

The downdrains were assumed to be HDPE pipe, corrugated on the outside and smooth
on the inside. The pipes were assigned a Manning’s roughness coefficient of 0.015.

The hydraulics program developed by Dodson and Associates (1989) for pipe culverts
with inlet head control was used to size the downdrains. Inlet head was limited to four
vertical feet based on the assumed depth of the drop inlets and the cover thickness along
the benches. The resulting pipe inside diameters and expected inlet heads for the final
cover downdrains are presented in Table 2. The outputs from the software analysis are

presented in Attachment 4.

Perimeter Conveyance Channel

Storm water runoff from the final cover will be diverted around the site via a conveyance
channel to the A-1 channel in the southeast corner of the site. The perimeter channel
consists of two trapezoidal shaped ditches that start in the middle of the west side of the
site and proceed around the north and south perimeters of the landfill and empty into the
A-1 Channel, refer to Drawing 2.

Runoff from the downdrains enters the conveyance channel at eight points along the
northern end of the channel and at eight points along the southern end of the channel.
The peak discharge at each point was estimated using Rational Method.

The flow gradients around the site are shallow with a minimum of 0.03 % and maximum
of 0.31 %. It is assumed that the channel side-slopes will be shaped to approximately
2H:1V as part of the final cover system grading plan. The channel was assumed to be
grass-lined and assigned a Manning’s roughness coefficient of 0.024, Gupta (1995).

The hydraulics software program FlowMaster, Version 3.13, which uses Manning’s
equation to calculate open channel flow, was used to calculate the depth of flow in the
perimeter conveyance channels. These results are presented in Table 3. The software

generated outputs are presented in Attachment 5.

Results
The resulting peak discharges estimated for each sub-basin are presented in Table 1. The
largest peak discharge to a downdrain inlet was at the bottom of sub-basin 2-B on the



north side of the watershed with a magnitude of approximately 27 cfs. The downdrain
inside diameters ranged from 12-inches to 30-inches, refer to Table 2.

Peak discharge into the perimeter conveyance channe] was estimated at points along the
north end of the channel and at points along the south end of the channel. The largest .
flows were found to be at the end of each channel as they enter the A-1 channel. The
peak outflow from the north channel was found to be' approxunately 75 cfs and,
approximately 97 cfs from the south channel. o L

The perimeter conveyance channel is assumed to have a maximum depth of 3-feet. The.
width of the conveyance channel was sized to allow a maximum flow depth of 2.5-feet.
This leaves one-half foot of available freeboard. The conveyance channel along the north
side of the site was found to have a maximum base width of 10-feet at Point 4 and 11 feet

on the south 51de at Pomt 8, refel to Flgme L.

Conclusions Ce

A hydrologic analysis of the emstmg perrmtted final cover gradmg plan at Hay Ro ad
Landfill was done to assess the performance of the final cover’s ability to manage storm
water runoff during the design event, the 1000-year, 24-hour storm. This analysis was
performed to estimate peak discharge for the re-graded final cover grading plan and =~
develop a conceptual storm water management system for the fmal cover. C

The required downdrain diameters for the fmal cover system were found to be of typical
diameter for a cover of this size. The perimeter conveyance channel will manage the .
outflows from the final cover maintaining a maximum flow depth of 2.5-feet allowing for
0.5-feet of freeboard. The maximum base widths of the conveyance channel, 10-feet on
the north and 11-feet on the south, are consistent with the des1gn widths prev1ously [

estimated for the Final Cover Drainage Plan.
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053-7433 NORCAL/NWSHRL
2005 JTD UPDATE

TABLE 2.

DOWNDRAIN SUMMARY

North Side of Cover

Peak
Inflow Inlet Head| Downdrain
Downdrain | (cfs) " |Length (f)] ()@ | LD.(iH)®
1-B 20.7 238 3.51 2.0
2-A 55 87 1.39 1.6
2-B 26.7 174 3.88 2.5
3-A 7.9 57 1.91 1.5
3-B 104 175 2.73 1.5
4-B 10.2 252 2.14 2.0
5-A 7.3 284 1.68 1.5
5-B 6.2 194 1.50 1.5
6-A 7.5 247 1.71 1.5
6-B 15.1 265 2.25 2.0
7-B 21.1 200 2.42 2.5
8-B 11.7 266 1.90 2.0
South Side of Cover
Peak
Inflow Inlet Head| Downdrain
Downdrain | (cfs)® |Length (ft)| ()@ | 1.D. (1) ®
1-A 4.69 80 2.40 1.0
1-B 25.52 190 2.75 2.5
2-B 15.88 383 2.42 2.0
3-A 4.97 74 2.60 1.0
3B 27.43 204 2.95 2.5
4-B 18.61 255 2.23 2.5
5-A 4.48 88 2.25 1.0
5-B 30.73 176 3.67 2.5
6-A 3.01 223 1.40 1.0
6-B 28.76 173 3.28 2.5
7-A 4.69 63 2.40 1.0
7-B 24,62 158 2.68 2.5

Note (1): Peak inflows were estimated using the Rational Method,

refer to Table 1.
Note (2): Downdrains were sized using Inlet Head Control. Inlet head
was required to be less than 4-feet, Refer to

Attachment 4.

Surface Runoff Calcs.xisDowndrains Golder Associates



053-7433 NORCAL/NWSHRL
2005 JTD UPDATE
TABLE 3.
PERIMETER CONVEYANCE DITCH
SUMMARY

North Side of Final Cover

Side- Peak
Downdrain | Botiom | Gradient| Siope Discharge| Depth (ft)
outiet™ | Width ()| (%)@ [(XH:AV) @] (cfs) @ (526)
1 0.00 0.22 2 20.05 1.95
2 6.00 0.04 2 42.30 2.38
3 8.00 0.04 2 48.02 2.28
4 10.00 0.03 2 49.31 2.27
5 4.00 0.15 2 58.07 2.28
8 4.00 0.25 2 67.45 2.17
7 5.00 0.20 2 73.08 2.22
8 4.00 0.26 2 74.62 2.26
South Side of Final Cover
Side- Peak
Downdrain | Bottom | Gradient| Slope Discharge| Depth (ft)
outlet® | Width (i) | (%)@ |XH:AV) @] (cfs) @ (588)
1 0.00 0.09 2 21.84 2.38
2 5.00 0.03 2 33.13 2.41
3 2.00 0.31 2 50.91 2.13
4 3.00 0.20 2 61.55 2.36
5 4.00 0.20 2 76.41 2.43
6 9.00 0.09 2 88.72 2.43
7 10.00 0.08 2 95.76 2.50
8 - 11.00 0.08 2 97.01 2.41

Note (1): Downdrain locations are shown on Figure 1.
Note (2): Represent existing on-site grades in perimeter ditch system.

Assume that ditches will be shaped at time of closure to
2H:1V or gentler. Capacity increases as slope decreases.
Note (4): Peak discharge was estiamted using the Rational Method,

refer to Tabl

e 1.

.Note (3): Existing ditch side slopes vary, but are all less steep than 2H:1V.

Note (5): Actual depth calculated using Manning's equation, FlowMaster Outputs
presented in Attachment 5.
Note (6): Assume max ditch depth of 2.5 feet.

Surface Runoff Calcs.xIsPerimeter Ditch

Golder Associates



ATTACHMENT 1.

SELECTION OF
RUNOFF COEFFICIENT, C



= SUBJECT — NORCAL/NWSHRL 2005 JTD UPDATE Attachment 2
A Job No. 053-7433 | Madeby WRC, Date 24 Jan. 05
f* eGolder Checked &t Sheet 1/1
W Assocrates Reviewed by J

Objective: Calculate the runoff coefficient, C, for the final cover grades at NWSHRL
using method presented in Gupta, 1995.

Method: Use values presented in Table 12.5 of Gupta, 1995 to calculate C.

1) Top Deck of Final Cover System and Interim Slopes
Given: Rural Catchments

e Basic Factor (Grassland): | 0.35
¢ Recurrence Interval > 50 yr. (100 yr): +0.05
. Total 0.40

2) Side Slopes of Final Cover System and Interim Slopes
Given: Rural Catchments

e Basic Factor (Bare Surface): 0.40
o Slope>10%: . +0.05
e Recurrence Interval > 50 yr. (100 yr): +0.05
. Total 0.50

) Conclusions: The components of the final cover system were classified as rural

h catchments based on the assumption that the top of cover system would consist of tracked
soil. The surface of the top deck will probably consist of the prescriptive vegetative

cover and was characterized as grassland. The side slopes will consist of the same type
material, but due to the slope inclination the side slopes were characterized as a bare

surface.

Ni\Projects\033-7360 (WM-Guadalupe MP)\Surface Water . ‘ ‘Golder Associates
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COLLECTOR AND CHANNEL
FLOW VELOCITY CALCULATIONS
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ATTACHMENT 4.

DOWNDRAIN CAPACITY
CALCULATIONS



NIB

PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE
Culvert Diameter (feet) 2
FHWA Chart Number (1,2 or 3) 2

Scale Number on Chart (Type of Culvert Entrance) 2

Manning's Roughness Coefficient (n-value) 0.015
Entrance Loss Coefficient of Culvert Opening 0.5
Culvert Length (feet) 238

Culvert Slope (feet per foot) 0.050

Shoksk RESULTS Skekk
Flow Rate Tailwater ..Headwater (ft).. Normal Critical Depth at Outlet
(cfs) Depth(ft) In.Ctrl. Out.Ctrl. Depth(ft) Depth(ft) Outlet(ft) Vel.(fps)

02070 050 351 -644 097 1.63 097 13.74

- Enter Flow Rate and Tailwater, or Press the <Esc> Key to End



N2B

PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE
Culvert Diameter (feet) 2.5
FHWA Chart Number (1,2 or 3) 2

Scale Number on Chart (Type of Culvert Entrance) . 2

Manning's Roughness Coefficient (n-value) 0.015
Entrance Loss Coefficient of Culvert:Opening = 0.5 -
Culvert Length (feet) 174

Culvert Slope (fest per foot) 0:050

Flow Rate Tailwater ..Headwater (ft).. Normal Critical -Depth at Outlet:..

(cfs) Depth(ft) Tn.Cirl. Out.Ctrl. Depth(ft) Depth(ft) Outlet(ft) Vel.(fps)

3230 050 3.88 -4.05 1.11. 1.93 1.11 1536

Enter Flow Rate and Tailwater, or Press the <Esc> Key to End




N3B
PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE
Culvert Diameter (feet) 1.5
FHWA Chart Number (1,2 or 3) 2

Scale Number on Chart (Type of Culvert Entrance) 2

Manning's Roughness Coefficient (n-value) 0.015
Entrance Loss Coefficient of Culvert Opeiﬁng 0.5
Culvert Length (feet) 175

Culvert Slope (feet per foot) 0.050

skeck RESULTS sk
Flow Rate Tailwater .Headwater (ft).. Normal Critical Depthat Outlet
(cfs) Depth(ft) In.Ctrl. Out.Ctrl. Depth(ft) Depth(ft) Outlet(ft) Vel.(fps)

1040 050 273 -430 076 124 076 11.58

Enter Flow Rate and Tailwater, or Press the <Esc> Key to End



NSA
PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE
Culvert Diameter (feet) 1.5
FHWA Chart Number (1,2 or 3) 2

Scale Number on Chart (Type of Culvert Entrance) 2

Manning's Roughness Coefficient (n-value) 0.015
Entrance Loss Coefficient of Culvert Opening 0.5
Culvert Length (foet) 284

Culvert Slope (feet per foot) 0.050

Flow Rate Tailwater ..Headwater (ft).. Normal ( Cﬁtical Depth at Oﬁﬂéf
(cfs) Depth(ft) In.Ctrl. Out.Cirl. Depth(ft) Depth(ft) Outlet(ft) Vel.(fps)

730 050 1.68 -10.71 0.62 1.05 0.62 10.70

Enter Flow Rate and Tailwater, or Press the <Esc> Key to End




N6A
PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE
Culvert Diameter (feet) 1.5
FHWA Chart Number (1,2 or 3) 2

Scale Number on Chart (Type of Culvert Entrance) 2

Manning's Roughness Coefficient (n-value) 0.015
Entrance Loss Coefficient of Culvert Opening 0.5

- Culvert Length (feet) o 247
Culvert Slope (feet per foot) : 0.050

Flow Rate Tailwater ..Headwater (ft).. Normal Critical Depth at Outlet
(cfs) Depth(ft) In.Ctrl. Out.Ctrl. Depth(ft) Depth(ft) Outlet(ft) Vel.(fps)

750 050 171 -898 063 1.06 0.63 10.62

Enter Flow Rate and Tailwater, or Press the <Esc> Key to End



N7B

PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE
Culvert Diameter (feet) 2.5 v
FHWA Chart Number (1,2 or 3) -2

Scale Number on Chart (Type of Culvert Entrance) 2

Manning's Roughness Coefficient (n-value) 0.015
Entrance Loss Coefficient of Culvert Opening 0.5
Culvert Length (feet) 200

Culvert Slope (feet per foot) 0050

Flow Rate Tailwater ..Héadwater (ft).. Normal Critical Depth at Outlet

(cfs) Depth(ft) In.Ctrl. Out.Ctrl. Depth(ft) Depth(ft) Outlet(ft) Vel.(fps)

21.10 050 242 -6.84 0.88 156 0.88 13.69

Enter Flow Rate and Tailwaer, or Press the <Esc> Key to End




SIA
PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE
Culvert Diameter (feet) 1.0
FHWA Chart Number (1,2 or 3) 2

Scale Number on Chart (Type of Culvert Entrance) 2

Manning's Roughness Coefficient (n-value) 0.015
Entrance Loss Coefficient of Culvert Opening 0.5
Culvert Length (feet) 80

Culvert Slope (feet per foot) 0.050

#4% RESULTS ***
Flow Rate Tailwater ..Headwater (ft).. Normal Critical Depth at Outlet
(cfs) Depth{ft) In.Ctrl. Out.Ctrl. Depth(ft) Depth(ft) Outlet(ft) Vel.(fps)
469 050 240 -038 060 0950 060 9.46

Enter Flow Rate and Tailwater, or Press the <Esc> Key to End



S2B
PIPE CULVERT ANALYSIS .
COMPUTATION OF CULVERT PERFORMANCE CURVE

Culvert Diameter (feet) 2.0
FHWA Chart Number (1,2 or 3) 2

Scale Number on Chart (Type of Culvert Entrance) 2

Manning's Roughness Coefficient (n-value) 0.015
Entrance Loss Coefficient of Culvert Opening 0.5
Culvert Length (feet) 383

Culvert Slope (feet per foot) -~ .0.050

Flow Rate Tailwater ..Headwater (ff).. Normal Critical Depthat Outlet
(cfs) Depth(ft) In.Ctrl. Out.Ctrl. Depth(ft) Depth(ft) Outlet(ft) Vel.(fps)

1588 050 242 -1434 083 144 083 12.80

Enter Flow Rate and Tailwater, or Press the <Esc>Key to End




S3B
PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE
Culvert Diameter (feet) | 2.5
FHWA Chart Number (1,2 or 3) 2

Scale Number on Chart (Type of Culvert Entrance) 2

Manning's Roughness Coefficient (n-value) 0.015
Entrance Loss Coefficient of Culvert Opening 0.5
Culvert Length (feet) - 204

o Culvert Slope (feet per foot) 0.050

Flow Rate Tailwater ..Headwater (ft).. Normal Critical Depth at Outlet
(cfs) Depth(ft) In.Ctrl. Out.Ctrl. Depth(ft) Depth(ft) Outlet(ft) Vel.(fps)

2743 050 295 -6.12 1.01 179 1.01 14.72

Enter Flow Rate and Tailwater, or Press the <Esc> Key to End



S5A
PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

Culvert Diameter (feet) 1.0

FHWA Chart Number (1,2 or 3) 2 SO R TR P

Scale Number on Chart (Type of Culveit Entrance) = 2

Manning's Roughness Coefficient (n-value) - 015 .=
Entrance Loss Coefficient of Culveit Opening” - 0.5
Culvert Length (feet) 88 .

Culvert Slope (fest per foot) 0.050

Flow Rate Tailwater ..Headwater (f).. Normal Critical Depthat Outlet
(cfs) Depth(ff) In.Ctrl. Out.Ctrl. Depth(ft) Depth(ft) Outlet(ft) VeL.(fps). .

448 050 225 -0.86 059 089 059 936

Enter Flow Rate and Tailwater, or Press the <Esc>Key to End. - -




S6A
PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE
Culvert Diameter (feet) 1.0
FHWA. Chart Number (1,2 or 3) 2

Scale Number on Chart (Type of Culvert Entrance) 2

Manning's Roughness Coefficient (n-value) 0.015
Entrance Loss Coefficient of Culvert Opening 0.5
Culvert Length (feet) 223

Culvert Slope (feet per foot) - 0.050

skkk RESULTS kR
Flow Rate Tailwater ..Headwater (ft).. Normal Critical Depthat Outlet
(cfs) Depth(ft) In.Ctrl. Out.Ctrl. Depth(ft) Depth(ft) Outlet(ft) Vel.(fps)

301 050 140 -7.83 046 074 046 850

Enter Flow Rate and Tailwater, or Press the <Esc> Key to End



S7TA
PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE
Culvert Diameter (feet) 1.0
FHWA Chart Number (1,2 or 3) 2

Scale Number on Chart (Type of Culvert Entrance) 2

Manning's Roughness Coefficient (n-value) - 0.015
Entrance Loss Coefficient of Culvert Opening 0.5 :
Culvert Length (feet) 63

Culvert Slope (feet per foot) ~.0.050

#4% RESULTS #**
Flow Rate Tailwater ..Heéadwater (ft).. Normal Critical Depthat- Outlet
(cfs) Depth(ft) In.Ctrl. Out.Ctrl. Depth(ft) Depth(ft) Outlet(ft) Vel.(fps)
469 050 240 0.08 0.60 090 060 9.46

Enter Flow Rate and Tailwater, or Press the <Esc> Key to End
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Appendix G

Closure/Postclosure Cost Detail



L?R'



Site Description

ATTACHMENT A
INITIAL COST ESTIMATE WORK SHEET

The following questions will provide general information regarding the site description, the type of waste accepted
at the site and basic geological information. This information will aid in assessing factors that may affect the

initial cost estimates.

Prepared By: Golder Associates Inc.
Revised:  April 24, 2007

General Site Information:

Name of Solid Waste Landfill:

Solid Waste Facilities Permit Number:

Facility Operator:

Site Owner:

Site Location:

Assessors Parcel Number:

Site Address:

NWSHRL

48-AA-0002

Norcal

NWS

Township 14 North, Range 5 East, Mt. Diablo Base and Méridian
15-080-17 |

6426 Hay Road, Vacaville, CA 95687

/\‘nat is the existing State Water Resources Control Board classification of the solid waste landfill.

New oud
(If WDR revised since 11-84)
Class I ClassI
Class Ii-1
Note: The solid waste landfill is excluded from these requirements, if the facility is a hazardous waste

facility or co-disposal facility of both hazardous and nonhazardous waste as a RCRA Subtitle C
facility subject to specified closure plan requirements

X Class I

Class I

Class -2

Class -2

2. What is the anticipated closing date for the existing permitted landfill? Proposed expansions which have
not been approved by the Board and LEA are not to be included in these calculations. Include calculations
supporting the estimated date. (Attach additional sheets as necessary).

Month:

p.1

Year: 2077

SWIS-58-AA-0011



Type of Fill

3. Type of Fill (Check appropriate type)

Trench Canyon
X Area Other (describe)
Pit

Volume of Waste

4. What is the estimated in-place volume of landfilled wastes at the site in" .

cubic yards? (as of April 1,2007 and not including DM-1)
5. What is the design capacity of the site in cubic yards?
(Table 4, Item S - Net Total Refuse Airspace)
6. Minimum thickness of v;';ste (ft)‘.; o
7. Average thickness of waste (ft)?
8. Maximum thickness of waste (ft)?

9. Average height above surrounding terrain (ft)?

10. Typical inclination of side slopes, in ratio (horizental:vertical)?
(e.g., 5:1,2:1)

Note:
11. Quantity of waste typically received (tons/day)?
12, Total permitted site acreage?

13. Waste disposal area acreage?

p.2

SWIS-58-AA-0011

3,910,000

34,811,000

83

185

103 .

4:1

425

260



SWIS-58-AA-0011

Waste Description

14. Estimate of solid waste received (total entries for residential, commercial, inductrial, demolition,

and other should add up to 100%)

% Residential 40% % Commercial 55%

% Industrial % Demolition

% other (special waste streams, such as ash, auto shredder waste, infectious waste, sludge, asbestos) 5%
P g

Describe material under "other" and give its percentage

Material Percentage

Sludge 5%

15. Briefly describe the underlying geology of the site. (Mark as many boxes that apply)

X Deep alluvium > 50'

Shallow alluvium <50'
Sedimentary Igneous
Metamorphic
N
a. What is the name of the nearest major fault Sierran Foothill Fault System
b. Distance from site 20 miles
c. On-site fanlt(s), if known None known

16. What are the groundwater characteristics

a. What is the depth to groundwater (ft) 51030 ft
This will be the range of water levels, from well data, in a groundwater will network. Note: Consider seasonal variation

from rainy to dry period, wet and dry years, well locations and variations in the subsurface geology.

Highest recorded level (depthin ft)  Data Not Avail.

Well Number Date Recorded
Highest recorded level (depth in ft)
Well Number Date Recorded
Typical:
b. What direction does the groundwater flow? West
c. What is the groundwater gradient? 05t02%

RN

Y,

p-3



17.

18.

CLOSURE COSTS

Area of Final Cover
a. Surface area of top deck (sf)
b. Surface area of side slopes to be capped (sf)
1) Plan area of side slopes to be capped (sf)
2) Slope Correction Factor
Final Cover Soil
a. Thickness
1) Top deck thickness (ft)
2) Side slope thickness normal to the slope (ft)

b. Volume (cy) = (Line 17a * Linel8a) + (Line 17b * Line 18b) /27 cflcy,
Note: 1 foot of veg. soil; assume foundation already in place

¢. Percent native soil used (decimal)

d. Native soil acquisition cost (excavation, hauling) ($/cy). = . = ... 7.
e. Native soil cost ($) = (Line 18b * Line 18¢ * Line 184d)

f. Percent imported soil (decimal)

g. Imported material acquisition cost ( purchase, delivery, etc.) (§/cy)

h. Imported soil cost ($) = (Line 18b * Line 18f * Line 18g)

i. Placement, grading and compaction unit cost ($/cy)

j. Placement, grading and compaction cost ($) = (Line 18b * Line 18i)

k. Subtotal final cover layer (§) = (Line 18¢ + Line 18h + Line 187)

19. Clay Layer

a. Areato be capped (sf) = (Line 17a+ Line 17b)

b. Thickness, minimum 1 foot (ft)

¢. Volume of barrier layer soil (cy) = (Line 19a * Line 19b) / 27 cflcy

d. Percent on-site hydraulic barrier material (decimal)

e. On-site hydraulic barrier material unit cost (excavation, hauling, etc.) ($/cy)

f. On-site hydraulic barrier material cost ($) = (Line 19¢ * Line 19d * Line 19e)
g. Percent imported hydraulic barrier material (decimal)

h. Imported hydraulic barrier material unit cost (purchase, delivery, etc.) ($/cy) .
i. Imported hydraulic barrier material cost ($) = (Line 19¢ * Line 19g * Line 19h)

j. Placement, grading and compaction unit cost ($/cy)

p.4

SWIS-58-AA-0011

1,578.054 ¢
10,105,109 sf

9,803,396 sf
1.031

1
1f

432,743 cy

- ey
8.00 /ey
3,461,945

3,461,945

0 sf

0 ft

- ey




,-~k. Placement, grading and compaction cost (§) = (Line 19¢ * Line 19j) $
- "1( Subtotal hydraulic barrier material cost ($) = (Line 19f+ Line 19i + Line 19k) $

20. Geosynthetic Materials (if applicable)

Note: This item must be esitmated in addition to the hydraulic barrier layer
unless/until an alternative final cover design has been approved in the closure plan.

SWIS-58-AA-0011

a. Type of geosynthetic materials used in cover 60-mil HDPE Geomembrane, Geocomposite, GCL, Geotextile

b. Quantity (sf) Varies (see summary table) sf

¢. Purchase, delivery and installation unit cost ($/sf) Varies (see summary table) sf

d. Geosynthetic layer testing (percent of total geosynthetic membrane unit cost) (decimal) 0.02

e. Geosynthetic materials cost ($) = (Line 20b * Line 20¢ * (1+Line 20d)) $ 14,220,777
21. What other types of materials/layers are included in the design (e.g., asphalt-tar, gravel for gas

venting)?
X None

22. Design/Construction Quality Assurance

Note: The following cost estimates apply to the quality assurance activities necessary to ensure that the final

cover is installed properly, as specified in the design parameters, and fulfill the conditions mandated by regulations.
\> Monitoring costs incurred while evaluating the final cover system components:
: 1) Laboratory testing fees (e.g., soil permeability, soil moisture/density relationship) ($) $ 180,000
2) Field test expenditures (e.g., test pad, field permeability tests, and _ $ 120,000
relative compaction tests) ($)
b. Inspection labor (e.g., initial inspection of native and imported soil, visual
check of completed cover) ($) $ 300,000

c. Reporting costs (e.g., reporting procedures, corrective measure reports) () (Post-Closure Maintenance Plan) $ 30,000

d. Engineering design costs (§) ‘$ 95,000

e. Subtotal of quality assurance costs ($) = (Line 22al + Line 22a2 + Line 22b + Line 22¢ + Line 22d) $ 725,000
23. Final Cover Subtotal ($) (Line 18k + Line 191 + Line 20e¢ +Line 22¢) $ 18,407,722
Revegetation
24. Soil Preparation

Note: Soil preparation for the vegetated layer is not required because planting, fertilizing

and mulching will proceed immediately following the vegetative layer placement.

a. Areato be vegetated, included closed areas that need replanting (acres) 260 acres

(Line 17a+ Line 17b) / 43560 sf/acre
b. Preparation unit cost ($/acre) $
: ;5Subtota1 soil preparation ($) = (Line 24a * Line 24b) $

p.5

- fac



SWIS-58-AA-0011

25. Planting

a. Type of vegetation o Native grasses that require no ilﬁgation
b. Planting unit cost (e.g. seeding, sprigging, plugs) (include cost of seeds, sprigs, plugs)($/acre) $ 1,000 /ac
c. Planting costs ($) = (Line 24a * Line 25b) .o . . Lo o8 i+ 260,000

26. Fertilizing
a. Type of Fertilizer - included in 25b
b. Fertilizer unit cost ($/acre) ‘ $ - &
¢. Subtotal fertilizing costs ($) = (Line 24a * Line 26b) . . $ - -

27. Mulching - -

a. Mulching unit cost (§/acre) - Mulch is included in 25b . : : ' G 8 <nthfae .t
b. Subtotal mulching costs ($) = (Line 24a * Line 27a) $ -
28. Irrigation installation cost Irrigation is not required |
a. Irrigation installation unit cost ($/acre) $ - fac
b. Subtotal irrigation installation costs ($) = (Line 9a * Line 13a) $ -

29. Revegetation Subtotal

a. Subtotal revegation costs ($) = (Line 24c -+ Line 25¢ + Line 26b + Line 27b + Line 28b) $ 260,000

p.6




SWIS-58-AA-0011

LA\NDFEL GAS MONITORING AND CONTROL
N

‘2. Does the landfill have a gas monitoring network?

YES xo [ ]

IfNO, (Partial network in-place, additional gas monitoring and control will be installed at closure)

a. What will be the spacing between monitoring wells (<= 1000 ft) 1000 ft max.
b. What criteria was used to select this spacing? N/A

c. Total number of gas monitoring wells . 19 wells
d. Number of probes per wellbore : 1
Suggested minimum:

1) Surface (5-10 ft.)
2) Intermediate (half the depth of boring)
3) Deep (to depth of boring)

e. Cost of design ($) $ 2,000

f. Cost of drilling and materials (§) $ 1,400 /well
g. Cost of installation and permitting ($) $ 500 /well
h. Unit cost for gas monitoring network (8) = (Line 30e / Line 30c + Line 30f+ Line 30g) $ 2,005 /well

SYES, (Considered "yes" prior to closure)

e

i. How many gas monitoring wells are in place? 1
j. What is the lateral spacing between gas monitoring wells? 1000 ft max.
k. Number of probes per wellbore 1
1. Are additional wells required at closure? 8 wells
m. Additional number of probes per boring 1
n. Cost to expand gas monitoring network (design, drilling and installation) ($) -8 16,042

. f/:

p-7



SWIS-58-AA-0011

31. Is there a gas control system operating at the landfill?

YES 1 NO [ X ]will be installed prior to closure => Yes

If YES, .

a. What type(s) are in place (e. g:, recovery, perimeter extraction; air injéction, etc.)A ' N/A
IfNO, | ‘ (To be installed prior to closure) |

b. What type of system will be installed during clqsure? N/A

c. Cost of design ($) ;$ -

d. Cost of materials ($) $ -

e. Cost of installation ($) - relocating collection lines $ © 36,000 "
f. Subtotal for gas control system ($) = (Line 31c + Line 31d + Line 31e) $ © 36,000

32. Landfill Gas Subtotal
a. Subtotal for landfill gas monitoring and control ($) = (Line 32n + Line 32f) $ 52,042
GROUNDWATER MONITORING INSTALLATIONS

33. Does the landfill have a groundwater monitoring network?

YES no [ ]

IfYES,

a. Number of up-gradient wells, minimum 1 c el g
b. Number of down-gradient wells, minimum 3 ‘ 8
IfNO,

¢. Number of wells to be installed (min. 1 up-gradient and 3 down-gradient) -0

d. Total drilling depth (f) : o R
e. Cost of design ($) $ -

f. Cost of well materials, installation and development ($) $ -

34. Groundwater monitoring subtotal

a. Subtotal for groundwater monitoring installation ($) = (Line 33¢ + Line 33f) $ -

p.8




DRAINAGE

\

..~ Is there surface water run-on and run-off control system existing at the site?

YES no o [ ]

IfNO, (Surface water conveyance system will be installed prior to closure)
a. What will be the estimated cost of installation and construction

of the drainage conveyance system to accormmodate anticipated run-off

(e.g., diversion ditches, downdrains, energy dissipators, etc.) and protection

from run-on (e.g., dikes, levees, protective berms, etc.)? ($)

b. Cost of design ($)

c. Subtotal of drainage costs (§) = (Line 35a + Line 35b)

SECURITY

36. Is there a security system established at the landfill?

ves [ ] NO
IfNO, Security fencing and gates to be installed prior to closure

a. What is presently in-place at the site:

Fencing Locks
/' Gates Oher [ ]
Signs [ 1
b. Estimated cost of installing a security fence, access gates
with locks, and/or informational signs (e.g., either around the site perimeter or
around enclosures) to protect equipment and the public and is compatible with

post-closure use ($)

c. Estimated cost of dismantling and removing security equipment
not necessary after closure and incompatible with post-closure use ($)

d. Subtotal security system installation costs ($) = (Line 36b + Line 36¢)

p.9
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SUPPLEMENTAL DATA
37. Supplemental Costs

a. Site access road and service road costs ($) : ‘ $ -

b. Survey and settlement monuments costs ($) $ 5,000
¢. Aerial topographic survey cost at the end of closure activities ($) $ 5,000
d. Well abandonment costs ($) $ -

€. Erosion control measures to be used

f. Erosion control measures cost ($) $ -

g. Subtotal supplemental costs ($) = (Line 37a+Line 37b+Line 37¢+Line 37d+Line 37e+Line 37f) : 3 10,000
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TN

o POST-CLOSURE MONITORING AND MAINTENANCE COSTS

REVEGETATION

38. Fertilizing (annually)
a. Areato be fertilized (acres) Assume site will be fertilized once during construction 0 acres
b. Type of fertilizer
c. Fertilizer unit cost ($/acre/year) $ -

d. Fertilizing costs ($/year) = (Line 38a * Line 38¢) S -

39. Irrigation

a. Type of irrigation system None

b. Quantity (gallon/day) 0 gal/day
¢. Irrigation unit cost ($/gallon) , $ - /gallon
d. Number of irrigation days per week 0

e. Annual irrigation costs ($/year) = (Line 39b * Line 39¢ * Line 39d) * 52 wk/year $ -~ [year

f. Annual maintenance costs ($/year) , $ - [year
) Subtotal irrigation costs ($/year) = (Line 39 + Line 39f) $ L year

40. /Revegetation Subtotal

a. Revegetation subtotal ($/year) = (Line 38d + Line 39g) - add 13 acre reseed @250/acre S 3,250
LEACHATE MANAGEMENT
41. Does the solid waste disposal site have a liner?

YES xo [ ]
42. Does the landfill have a leachate collection/removal system?

YES NO

If YES,
a. What type of system? Drainage gravel over floor with
collection pipes and 17 sumps
b. Annual operating and maintenance costs of system ($/year) ‘ $ 8,500 /year
- //



43. Type(s) of on-site leachate treatment:
a. Type of treatment (on-site)
b. Volume/unit frequency (gal/day)
¢. Leachate treatment unit cost ($/gallon) .. .. ..., . ...,
d. Annual on-site treatment costs ($/year)
44. Type(s) of off-site treatment
a. Volume/unit frequency (gal/day)
b. Leachate treatment unit cost ($/gallon)
c. Annual off-site treatment costs ($/year) (included in the maintenance cost)
d. Other (explain) (Trucking cost)
45. Leachate Sampling and Testing
a. Number of samples per round
b. Sampling unit cost ($/round)-
¢. Number of sampling rounds per year
d. Annual sampling costs ($/year) = ( Line 45b * Line 45¢)
e. Sample testing unit cost ($/sample)
f. Annual sample testing costs ($/year) = (Line 45a * Line 45¢ * Line 45¢)
g. Subtotal leachate sampling and testing costs ($/year) = (Line 45d + Line 45f)
46. Subtotal leachate management costs

a. Subtotal annual leachate management costs ($/year)
(Line 42b + Line 43d + Line 44c + Line 44d + Line 45g)
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MONITORING
e

4..-Gas Monitoring Systems

a. Monitoring devices of principal gases: GEM 500 (or equivalent) for LFG; PID calibrated to benzene for VOC's

b. Frequency of monitoring (e.g., daily, weekly, monthly) 4 [year
c. On-site annual monitoring costs for principal gases ($/year) $ 2,400 /year
d. Annual sampling costs for trace gases ($/year) ‘ $ - /year
€. Annual testing costs for trace gases ($/year) = (Line>32a * Line 32d) $ ‘ - year
f. Assumed replacement frequency of probes, in years 10 years
g. Installation unit costs of probes ($) $ 1,000 ’/probe
h. Annual replacement costs ($/year) = (Line 39i * Line 47g)/(Line 47f) $ 1,100 /year
i. Annual maintenance costs ($/year) - includes $6,521/2 net O&M costs $ 3,361 /year
j. Subtotal of gas monitoring costs ($/year) $ 6,861 /yeér

(Line 32¢ + Line 32d -+ Line 32¢ + Line 32h + Line 321i)
48. Vadose Zone Monitoring

Is the vadose zone monitored at this landfill?

D YES No o [ ]

/

I YES,

a. What type of monitoring procedures and equipment are utilized? Pan Lysimeters

b. Frequency of sampling per year . 2 [year

¢. Number of monitoring devices utilized 22

d. Sampling unit cost ($/sample) $ 1,955 /sample
e. Annual sampling costs ($/year) ‘$ 3,910 /year

f. Testing unit cost ($/sample) $ 524 /sample
g. Annual testing costs ($/year) $ 23,056 /year

h. Assumed annual replacment frequency of devices 0

i. Installation unit cost of devices ($/device) $ - /dévice

j- Annual replacement cost of devices ($/year) = (Line 33b * Line 33f)/(Line 33¢) $ - [year

k. Annual maintenance cost of devices ($/year) $ - lyear

1. Subtotal of vadose zone monitoring ($/year) = (Line 48c + Line 48d + Line 48g + Line 48h) $ 26,966 /year
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49. Groundwater monitoring

a. Number of wells A

b. Annual monitoring frequency. 2 fear

¢. Analytical methods (e.g., EPA 601 and 602 or 624, and 625) ! per WDRs

d. Number of samples/round - includes 1 QC samples/round ‘ ! ' 26"

e. Sample testing unit cost ($/sample) $  623.80 /sample’

f. Annual testing cost (§/sample) : $ 32,438 fyear

((Line 49d * Line 49e * Line 49b)) » .

g. Annual #mpling costs ($/year) 8 13,560 /year

h. Assumed replacement frequency of wells, in years ‘ o | 10 years

i. Installation unit cost of wells ($/well) _ | ‘ ‘_ $ 5,000 /well

- Anﬁual replacement cost of wells ($/year) = (Line 49a * Line 49i)/Line 49h - $ o 12,500 /year

k. Annual E;veil maintenance co;ts ($/year) $ o 500 /yéar

1. Subtotal of groundwater monitoring ($/year) = (Line 49+ Line 49g + Line 49 + Line 49k) $ 58,008 fydars
49(b). Surface Water Monitoring; *¥***Note: Added line item by Golder (6/98) **** s

a. Number of monitoring points 7

b. Analytical methods (e.g., EPA 601 and 602 or 624, and 625) per WDR's

2 /Year ‘

¢. Annual monitoring frequency

d. Sample testing unit cost ($/sample) 592.9 /sample

e. Number of samples/round - include 1 QC sample : ‘ -8

f. Annual sampling costs ($/year) $ 17,760 /year™
g Annual testing costs ($/year) ‘$ : 9,486 /year
h. Annual surface water sampling and testing costs ($/year) $ - 27,246 /year
(Line 49(b)f + Line 49(b)g)
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o

Monitoring subtotal ($/year)
a. Subtotal for monitoring groundwater, surface water, vadose zone, etc. ($/year) $ 120,071 /year
((Line 47j + Line 481 + Line 491 -+ Line 49(b)h)
DRAINAGE
S1. How often do you anticipate the need to perform maintenance activities (e.g., clear

material from run-off surface water conveyances, erosion repair, minor grading,
repair of articulated drains, problems with articulated drains, problems

with run-on maintenance and repairs of levees, dikes, protective berms, etc. ? Annually
a. Annual maintenance costs ($/year) $ 18,000 /year
SECURITY
S52. What are the estimated annual maintenance costs to repair/replace fencing,
gates, locks, signs, and/or other security equipment at the landfill site ($/year)? $ : 1,000 /year
INSPECTION
53. What will be the routine maintenance inspection frequency of the landfill during
post-closure (minimum, semi-annually)? semi-annually
.aﬂ Inspection unit cost (§) ‘ $ 1,000
i‘ ,,0{) Annual inspection costs during post-closure care period ($/year) $ 2,000 /year

Components that should be inspected include, but are not limited to:

Final cover - erosion damage

Final grading - ponding caused by settlement

Drainage control systems - continuity of articulated drains, sediment choked conduits
Gas collection/control systems

Leachate collection and treatment system effectiveness and continuity

Security - fences, gates and signs

Vector and control

Monitoring equipment

Litter control

54. Itemize annual costs for monitoring and post-closure maintenance procedures specific
to this solid waste disposal site.

- Aerial topographic survey and settlement report, every 5 years (average over 5 years) $ 2,000
- DM-1 Groundwater maintenance $ 11,000
- Subtotal $ 13,000
55. Post-closure annual permitting fees: $ 11,000 /year
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SUMMARY OF CLOSURE AND POST-CLOSURE
MAINTENANCE COST ESTIMATES

Closure |
Final Cover (Line 23) $ 18,407,722
Revegetation (Line 29) $ 260,000 R
Landfill Gas Monitoring and Control (Line 32) “ . " $ 52,042
Groundwater Monitoring Installation (Line 34) o | 5 .-
Drainage Installation (Line 35c) $ 665,400
Security Installation (Line 36d) $ -
Others (Line 37) $ 10,000 |
L. Subtotal : o e : , $. 19;395,164
II. Subtotal I * 20% Contigency Costs $ 3,879,033

III. Subtotal $ 23,274,196

Monitoring and post-closure maintenance

Revegetation (I:,ine 40) ‘ $ 3,250
Leachate management (Line 46) ‘ L $ 68,770
Monitoring (Line 50) ) , o $ 120,071
Drainage (Line 51a) s 18,000
Security (Line 52) " | $ 1,000
Inspection (Line 53b) - ' $ 2,000

Otﬁers (Line 54) $ 13,000
Permitting (Line 55) 3 11,000

IV. Subtotal " ' $ 237,091 fyear
V. Subtotal Il * 30 years o 3 7,112,715

TOTAL COST $ 30,386,911
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Environmental Consultants 3645 Westwind Boulevard 707 546-9461
Santo Rosa, CA 95403 FAX 707 544-574%
www.scsengineers.com

o
February 1, 2006

File No. 01198193.04

Ms. Stephanie Young

Alta Environmental Services, Inc.
235 North First Street

Dixon, CA 95620

(707) 678-1492

FAX (707) 678-5148

SUBJECT: POST-CLOSURE COST INFORMATION, OPERATIONS AND
MAINTENANCE OF LANDFILL GAS COLLECTION AND
CONTROL SYSTEM, HAY ROAD LAN DFILL, VACAVILLE,
CALIFORNIA

Dear Stephanie:

At your request, SCS Engineers (SCS) developed an updated cost estimate for long-term
operations and maintenance (O&M) of a landfill gas (LFG) collection and control system
(GCCS) for the Norcal Waste Systems Hay Road Landfill (NWSHRL) located in Vacaville,
California. The purpose of this evaluation was to determine the likely costs that will be
incurred by the landfill for O&M, monitoring, and maintenance of a GCCS during the 30-year
post-closure period required under Resource Conservation and Recovery Act (RCRA) Subtitle
D and Title 27 of the California Code of Regulations (CCR).

e

TIMELINE FOR GCCS OPERATION

The NWSHRL is considered a “new” landfill under the federal New Source Performance
Standards (NSPS; 40 CFR Part 60, Subpart WWW) because it received an increase in landfil}
capacity after May 31, 1991 and has a design capacity over 2.5 million Megagrams (Mg). To
comply with NSPS requirements, the NWSHRL is obligated to submit annual emission rate
estimates for non-methane organic compounds (NMOCs). Within 2 years after NMOC
emissions are reported to be greater than 50 Mg per year, a GCCS must be installed at the
NWSHRL.

To evaluate when a GCCS would be required at the NWSHRL, SCS completed LFG modeling
for the site in accordance with the NSPS requirements starting at the present time and
continuing out until 30 years beyond site closure. NMOC emissions were estimated for each
year within that time period. The annual NMOC emission rates were then used to predict the
year in which the GCCS would initially be required to be installed and to estimate costs for
LFG monitoring and control during the 30 year post closure maintenance period.

Offices Nationwide a
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The LFG modeling information described above are summarized in Attachment | . Based on
the Tier 2 analysis, NMOC emissions are projected to first exceed 50 Mg in 2010. As such,
under the NSPS, a GCCS would have to be installed and operated beginning in 2012 to
comply with the NSPS. Therefore, the capital cost for installation of the GCCS will be
incurred during the operational life of the landfill and was not included in this post-closure
budgetary estimate. '

In accordance with NSPS requirements, the GCCS will be required to be operated until the
site’s NMOC emission rate drops back below 50 Mg after closure (plus 3 years) or for a
minimum of 15 years, whichever is longer. Based on the Tier 2 analysis, NMOC emissions
from the NWSHRL will decrease below 50 Mg in 2112, approximately 24 years after
projected closure in 2088. As such, the GCCS could be turned off in accordance with NSPS
regulations at the end of 2115. However, California Code of Regulations (CCR) Title 27
requires a cost estimate for a 30-year post-closure maintenance period, including LFG
monitoring and control. Accordingly, the cost estimate is based on operating the LFG system
throughout the entire 30 years into the post-closure period.

PROJECTED O&M COSTS

Based on the above, it is clear that the NWSHRL is likely to incur a substantial annual cost
during the post-closure maintenance period for O&M of the GCCS. These O&M activities
will include periodic LFG system O&M,; to include power, replacement costs, system
upgrades and upkeep, and required regulatory compliance monitoring for all applicable
regulatory requirements.

For the purposes of post-closure funding, SCS completed a budgetary cost estimate of the LFG
system O&M during the 30 years of the post-closure period when a GCCS will be required to
be operated under the NSPS and/or CCR Title 27. These costs were based on the extent and
magnitude of the LFG system that will likely be in place at site closure (based on final refuse
tonnages and landfill acreage). The cost estimate was developed by SCS Field Services,
which operates over 50 LFG systems in California, and was based on the following

assumptions:
o Site Area: 256 acres.
. Numbcr of LFG extraction wells: 150 vertical.

® LFG Header/Wellheads: above grade (no vaults).

* Flares: 2 @ 1,500 standard cubic feet per minute (scfm), each.
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e Blowers: 2 @ 1,500 scfm, each.

 Condensate Management: 6 underground sumps, pneumatic pumps, holding tank,
injected into flare(s).

The cost estimate includes annual O&M costs in 2005 dollars for the 30 year post-closure
period. These costs include routine O&M, monitoring, and testing; projected non-routine
maintenance and repair services; and expected emergency repair services. Because the landfill
will be equipped with a synthetic cap as part of the closure plan, we did not include any costs
for re-monitoring due to emissions exceedances.

Based on the information provided by SCS Field Services using data from similarly sized
landfills in California, the annual O&M costs for operation of the GCCS at closure would be
$112,000/year (2005 dollars) during the 30 years of required operation. In addition, the
electrical costs for the LFG system are expected to be approximately $27,000/year (225,000
kW-hr per year @ $0.12/kW-hr). This brings the total projected O&M costs to $139,000/year.
To this, we have added a contingency of 10 percent to account for other unexpected costs.
Therefore, the projected annual cost for O&M, monitoring, testing, and maintenance of the
GCCS at the NWSHRL for the base year of the post-closure period (2088) is $152,900/year
(2005 dollars).

REYENUE FROM LFG-TO-ENERGY

These O&M costs could be offset by net revenue generated from an LFG-to-energy (LFGTE)
facility that could be operated on-site to produce electricity for on-site use and/or sale. To
assist in this effort, SCS completed a LFG recovery model run to calculate the likely amount
of LFG that would be available during the 30 year post-closure period for LFGTE. Based on
the LFG modeling, the landfill will produce sufficient quantities of LFG (approximately 3,000
scfm at closure) to make energy recovery economically feasible.

The LFG recovery model is provided in Attachment 2. In summary, the NWSHRL should
produce approximately 3,000 scfm (at 50% methane) of recoverable LFG at closure (2089);
with production of recoverable LFG declining to approximately 850 scfm at the end of the 30-
year post-closure period (2118). To accommodate the condensate injection system for
condensate management, we reserved 500 scfm of LFG (from the numbers above) for use in
one of the two LFG flares. Assuming a LFGTE facility size of 2.0 megawatts (MW), the
needed gross heat input rate for the LFGTE facility would be 21 million British Thermal Units
(MM Btu) per hour. This equates to 700 scfm of LFG (assuming 500 BTU/scf). Therefore a
minimum of 1,200 scfm of LFG is needed to run both the LFGTE facility and the flare for
condensate treatment. Based on the model the site will produce less than 1,200 scfm of
recoverable LFG beginning in 2110, which is 22 years into the 30-year post-closure period.
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In otder to evaluate the potential revenue that could be generated by an LFGTE project, SCS
completed a financial proforma for an LFGTE project that could be reasonably expected to
occur in the future, (coinciding with the first 22 years of the 30 year post-closure period). It
was assumed that the capital costs for the LFGTE system installation were incurred prior to
closure; therefore, those costs were not included in our cost estimate. However, we have
accounted for the costs to service the debt incurred through a major overhaul of the system
that would occur during the 22-year period the LFGTE plant would be expected to operate
(50% of the total capital costs assumed to be required for major overhaul). Separate O&M
costs for the LFGTE system are included in the proforma. The cost estimate includes annual
net revenue from the LFGTE project in 2005 dollars during the 30-year post-closure period.
The following assumptions were used in completion of the proforma:

¢ Plant capacity 2.0 MW, assumed to be reciprocating engine.
¢ Gross plant heat rate = 10,500 BTU/KW-hr.

® Parasitic load = 10%.

* Plant capacity factor = 90%.

¢ Electricity sold into the grid at $0.060/kW-hr (typical 2005 price for LFGTE
projects).

* Electricity used to offset retail power purchased for on-site use; expected load
225,000 kw-hr per year for blower/flare station.

* Retail power rate assumed to be $0.12/kW-hr (typical 2005 retail price in
California). -

* Avoided cost for offsetting of retail power purchases (typical 2005 cost for
avoiding the purchase of retail power at $0.12/kW-hr in California).

¢ Capital costs = $3,000,000 (major overhaul = $1 ,500,000).
* No subsidies or tax credits assumed.
* O&M costs for LFGTE system assumed to be $0.017/kW-hr.

¢ Debt service included; assumed that 50% of the $3,000,000 capital cost was
financed for major overhaul at an interest rate of 6.5%.
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The proforma is included in Attachment 3.
NET COSTS FOR LFG SYSTEM O&M
The net revenue from the LEGTE project during the post-closure period (based on a

conservative minimum landfill gas utilization rate of 700 scfm) could be used to offset the
post-closure maintenance costs for the GCCS. Attachment 3 shows that during the first 22

- years of the post-closure period that the LFGTE plant would operate, that the energy project

actually generates enough net revenue ($342,487/year) to completely cover LFG system O&M
costs ($152,900/year), with $188,587/year left over.

During the last 8 years of the 30-year post-closure period there would be no revenue to offset
the LFG system O&M costs. However over the 30-year period the LFGTE project’s net
revenues would still cover all of the LFG system O&M costs over the period, with a total of
approximately $3,100,000 left over. A summary of the year-by-year net costs is provided in
Attachment 3. Please note that all of the above costs are in 2003 dollars without indexing for

inflation.

CLOSING

SCS is hopeful that this information is helpful in your development of cost estimates for post-
closure maintenance of the NWSHRL. If you have any questions regarding this submittal or
desire any additional information, please contact the undersigned.

Sincerely,

I Lt

Steven M. Hamilton, R.E.P.
Project Director
SCS ENGINEERS

Attachments
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NSPS LFG MODEL SUMMARY



ATTACHMENT 1. PROJECTED LFG AND NMOC GENERATION RATES
Hay Road Landfill, Vacaville, California

Methane NMOC NMOC
Diaposxni Refuse Dispoxa) Reluse Generation LFG Generation Generation Geaeration
Rage In-Pince Rate in-Place Rates Rates Ratey Rates
Year | (tomsiyr) (tons (Mglyr) M - (w'hyr) (cfm) (Million *yr) (tons/yr) (Mg/yr)

1965 20,000 0 18,144 [ 0.000E+00 0 0 0 0
1966 20,600 20,000 18,688 18,144 1.542E+05 21 1 1 )
1967 21,218 40,600 19.249 36,832 3.055E+05 41 22 1 ]
1968 21,855 6].818 19,826 56,080 4 543E+05 61 32 2 2
1969 22510 81,673 20,421 75,906 6.006E+05 81 42 2 2
1970 23,183 106,183 21,034 96,327 7.449E+H05 100 53 3 3
1971 23,88t 129,368 21,665 117,361 8.874E 405! 119 63 4 3
1972 24,597 153,249 22314 135,025 1.02BE+06 133 73 4 4
1973 25335 177,847 22984 161,340 1 168E+06 157 82 5 4
1974 26,095 203,182 23,673 184,324 1.306E+06| 176 92 b 5|
1975 26,878 229,278 24,384 207,997 | 444E+06 194 102 6 5|
1976 27,685 256,156 25,115 232381 | SBLEH6 212 112 6 6|
1917 28515 283,84 25869 257,49 1.717E4+06 211 123 7 6
1978 29371 312,356 26,645 283,364 1.853E+06 249 131 7 7]
1979 30252 341,726 27,444 310,009 1.989E+06 267 140 g 7
1980 JL159 371,978 28,267 337,453 2 125E+06] 286 150 8 8
1981 32,094 403,138 29,115 365,720 2.262E+06 304 160 9 8
1982 33,0317 435,232 29,989 394 836 2399E+H)% 322 169 9 9
1983 34.049 468,289 30,888 424,824 2 537E+06 341 179 10 9
1984 35,070 502,337 31815 455,713 2.676E+06 360 189 11 10
1985 36,122 537,407 32,770 487,528 2816E+06 378 199 1} 10]
1986 37,206 573,530 33,753 320.297 2.95TE+06 397, 209 12 1)
1987 38322 610,736 34,765 554,050 3.100E+06 417 219 12 1
1988 39,472 649,058 35,808 588,815 3.244E+06. 436 229 13 12
1939 40,656 688,529 36,382 624,623 3.390E+06 456 239 13 12
19% 41,876 729,185 37,989 661,506 3.538E+06 475 250 14 13
1991 43,132 171,061 39,129 699.495 3.6B9E+06 4% 261 15 13
1992 99,928 814,193 90,653 738,623 3.841E+06, s16 271 15 4
1993 98,958 914,12} 89,773 829276 4.423E406 595 313 17 16
1994 115,583 1,013,079 104,855 219,050 4.972E+06 68 351 20 18]
1995 111.813 1,128,662 101 433 1,023,905 5.621E+06 55| 397 22 20,
1996 120,201 1,240,475 109.045 1,128,340 6.209E+06 834 439 25 22
1997 110,133 1,360,676 99,91} 1,234,384 6 BIIEHG, 918 433 27 24
1998 110,723 1,470,809 100,446 1,334,205 7.349E+06 988/ 319 29 26/
1999 131,789 1,581,532 119,557 1.434,74} 7.844E+H)6 1,054 554 31 28
2000 124.299 171332 112,762 1,554.298 8 478E+)6 1,139 599 33 30
2001 131,586 1,837,620 119,373 1,667,061 9.023E+06 1,212 637 36 32
2002 133,850 1,969,206 121,427 1,786,433 9.598E-+06| 1.2 678 38 34
2003 151,890 2,101,056 137,792 1,907.860 1LOI6E+7 1,365 ns 40 36,
2004 146,708 2.234,946 133,09) 2,045,652 1.084E+07 1,456 765 43 39
2005 148,175 2,401,654 134,422 2,178,744 1. 144E+07| 1,537 808 45 41

2006 149,657 2,549,829 135,367 2313,166 1,202E+07 1,616 849 48 43
2007 151,154 2,699,486 137,125 2448932 1.259E407 1,692 889 50 45
2008 152,665 2,850,640 138,495 2,586,057 1.314E+07 1,766 928 52 47,
2009 154,192 3,003.308 139,881 2.724,552 } 3GBE+Q7 1,838 956 54 49,
2010 155,734 3,157,497 141,280 2,864,413 1 A20E+07 1,908 1,003 56 51
2011 157,291 3,313,23) 142,692 3,005,712 L471E+07 1,977 1,039 58 53
2012 158 864 3,470,522 144,119 3148404 1.521E+07, 2,043 1,074 60 54
2013 160,453 3,629,386 145,560 3,292,523 1.569E+07 2,108 1,108 2 56,
2014 162,057 3,789,238 147.016 _3,438083 1.616E+07 2172 Li41 64 58
2013 163,678 3.951,895 148,486 3,585,099 1.662E+07 2234 1,174 66 60/
2016 165,314 4115573 149,971 3,733,585 ). 702E+07 2294 1,206 67 61
2017 166,968 4,280,887 151,470 3,883,556 1.752E+07 2354, 1,237 69 63
2018 168,637 4,447 855 152,985 4,035,026 1.795E+07| 2412 1,268 71 64
2018 170,324 4,616,492 154515 4,188,011 {.837EH07 2,469 1,298 73 66
2020 122,027 4,786,816 156,060 4,342 526 1.879E+07 2,525 1,327 74 67
2021 173,747 4.958,343 157,621 4,498,586 1.920E+07 2,580 1,356, 76 69|
2022 175,485 5,132,590 159,197 4,656,207 1.960E+07 2.634 1,385 77 70
2023 177,239 5,308,074 160,789 4,815404 2 000E+07 2,688 1413 79 72
2024 179,012 5,485,314 162,397 4.976,193 2.039E+07 2,740 1,440 8J 73
2025 180,802 3,664,326 164,021 5.138,590 2.078E+07 2,792 1,468 82 74
2026 182,610 5.B45,128 165,661 5.302:611 2.116E+07, 2,843 1,494 84 76,
2027 184,436 6,027,738 167,318 5468272 2.154E+07 2,854 1,321 85 77
2028 186,280 6,212,174 168,991 5,635,589 2I91E+07 2, 1,547 87 79
2029 188,143 6398 454 170,681 5,804,580 2.228E+07 2,993 1,573 88 80,
2030 190,025 6,586,597 172,387 5,975,261 2.264E+07 3,042 1,599 89 31

2031 191,925 6,776,622 174,111 6,147,648 2.300E+07, 3,091 1,625 91 82
2032 193,844 6,968,347 175,852 6,321,759 2.336E+07 3,139 1,650, 92 84
2033 195,783 7,162,391 177611 6,497,612 2.371E+07 3.187 1,675 94 85
2034 197,740 1,358,174 179,387 6,615,223 2 407E+H07| 3,234 1,700, 95 86
2035 199,718 7,555,914 181,181 6,854,610 2 442E+07 3.281 1,725 96 88
2036 201,715 7,755,632 182,993 2.035,79) 2477EH)? 3328 1,749 98 89
2037 203,732 1,957,347 184.823 7,218,784 2.512E407. 3375 1,774 99 90
2038 205,769 8,161,079 186,671 7,403,606 2.546E+07 J.421 1,798 101 9l

2039 207,827 8,366,848 188,538 7.590.277 2.581E+07 3,468 1,823 102 92
2040 209,905 8,574,676 190,423 1,178.815 2615E+H)7 3514 1,847 103 94
2041 212,008 8,784,581 192,327 7,969.238 2.649E+07 3,560 1,871 105 95

2042 214,125 8,996,586 194,251 8,161,565 2.684E+07 3,606 1,895 106 96
2043 216,266 9,210,710 196,193 8355816 2.718E+07 3.652 1,920 107 97
2044 218,428 9,426,976 198,155 8.532.009 2.752E4+07 3.698 1,944 109 99,




RN

N

2045 220613 0,645,404 200,137 3,750,164 2.786E+07 3,744 1,968 110 100)
2046 222819 9,866,017 202,138 8,950,300 2.821E+07 3,79 1,992 11 10
2047 2325047 10,088,836 204,159 9.152,438 2.855E407 3,836 2016 113 102,
2048 237,298 | 10,313,883 206,201 9,356,597 2.889E107 3,882 2,041 114 104
2049 229570 | 10.541,18] 208,263 9,562,798 20236407 3,928 2,065 113 105
2050 231,866 | 10,770,751 210,345 9 771,061 2.9586+07 3,975 2,089 117 106
2051 234,85 | 11002617 212,449 9981 407 2.992E+07 4,021 2114 118 167
2052 236,527 11,236,802 214,573 | 10,193,856 3.027E+07 4,068 2,138 120 108
2053 238892 | 11,473,329 216719 ] 10,408,429 3.062E+07 4,114 2.163 121 110
2054 241,281 11,712,221 218,886 | 10,625,148 3.097E+07 4,161 2187 122 111
2055 243694 | 11,953,502 221075 | 10,844,034 3.132E+07 4,208] 2212 124 112
2056 246,13} 12,197,195 223286 | 11,065,110 3.167E+07 4,256 2,237 125 113
2057 248592 [ 12443326 225519 | 11.288.396 3.202E+07 4,303 2,262 127 115
2058 251078 | 12691913 227,774 | {1,513,915 3.23BE+07 4,351 2,287 128 116
2059 253,589 | 12,042 996 230052 | 11,741,689 3273E+07 4,399 2312 129 17
2060 256,125 | 13,196,585 232352] 11,971,740 3.309E+07 4,447 2337 131 119
2061 258,686 |  13.452,709 234,676 | 12,204,093 3.345E+07 4,496 2,363 132 120
2062 261,273 | 13,711,395 237,023 | 12438768 3.382E+07 4544 2.389) 134 121
2063 263,885 | 13972668 239,393 | 12,675,791 3 41BE+07 4593 2414 135 123
2064 266,524 | 14,236,553 241,787 | 12.915,184 3435E+07 4,643 2,440 136 124
2063 269,189 | 14,503,077 244,205 ] 13,156,970 3 492E+07 4,693 2,466 138 125
2066 271881 14,772,267 246,647 | 13,401,175 3.529E+07 4,743 2,493 135 126,
2067 274,600 | 15,044,148 249113 13,647813 3 S67E+07 4,793 2,519 141 128
2068 277346 | 15,318,748 251604 | 13896935 3 605E+07 4,844 2,546 142 129]
2060 280,120 | 15,596,094 254,120 | 14,148,539 3.643E+07 4,895 2573 144 131
2070 282,921 15,876,214 256,661 14,402,659 3.681E+07 4,947 2,600 145 132
2071 285750 | 16,159,135 250228 | 14,659,321 3,720E407 4,998 2,627 147 133
2072 288,608 | 16,444,885 261,820 | 14.518,549 3.755E+07 5051 2,655 148 135
2073 291,494 | 16,733,492 264,439 | 15,180,369 3.798E+07 5104 2,682 150 136
2074 204,409 | 17,024,986 267083 | 15444808 RITEH0T 5,157 2,710 152 138
2075 297,353 | 17,319395 269,754 | 15,711,891 RTTE+07 5210 2,739, 153 139
2076 300,326 | 17,616,747 272,451 15,981,644 S17E+07 5264 2,767 155 140
2077 303329 | 17917073 275176 | 16.254.096 3.958E+07 5,319 2,796 156 142
2078 306,363 | _18,220403 277928 | 16529272 3 999E+07 5374 2874 158 143
2079 309426 | 18,526,765 280,707 | 16,807,190 4.040E+07 5.429 2,853 160 145,
2080 312,521 18,836,192 283514 | 17,087.906 4 082E+07] 5,485 2883 161 146]
2081 315,646 | 19.148.712 286,349 | 17371420 4 124E+07 5,541 2912 163 148
2082 318802 | 19464358 285213 | 17.657,769 4.166E+07 5,598 2,942 165 149)
2083 321,990 | 19.783,161 202,105 | 17,046.982 4 209E+07 5,655 2972 166 151
2084 3252101 30,105,151 295026 | 18,239,086 4,252E+07 5713 3,003 168 152
2085 328,462 | 20430361 297976 | 18534112 4.295E+07 5772 3,034 170 154
2086 331,747 | 20,738,823 300,956 | 18.832,088 4,339E+07 5,830 3,064 17 155
2087 335064 | 21.090,570 303,965 | 19.133.084 4.1B3E+07 5,890 3,09 173 157
2088 120,000 | 21475635 108862 | 19.437,009 4.428E+07 5,950) 3,127 175 159
2089 o] 21,545,635 0] 19545871 4.304E+07 5,784 3,040 170 154
2090 0| 21545635 0] 19,545,871 4 094E+07) 5,502, 2,892 162 147
2091 0] 21545635 0] 19545371 3.89SE+07, 5,234 2,751 154 140
2092 01 11,545,635 01 19585871 3.705E+07 4,978 2,617 146 133
2093 0] 21345635 0] 19545871 3 524E+07 4,135 2,489 139 126
2094 0 21545635 0| 19545871 3 352E+07 3,505 2,368 132 120
2095 0] 21,535,635 01 19545871 3.180E+07 4,285 2,252 126 114
20% 0] 21545635 0| 19545871 3.033E+07 4,076 2,142 120 109
2097 0] 2)545635 0| 19545871 2 B85E+07 3,877 2,038 114 103
2098 0] 21545635 0] 19545871 2 744E+07 3,688 1,938 108 [
2099 01 21345635 o 19545871 2 61 1E+07 3,508 1,334 103 94
2100 0 21545635 0] 19545871 2 4836407 3337 1,754 98 8
2101 0| 21345635 0] 19345871 2.362E+07 3,174 1,668 o3 85
2102 0| 21,545,635 o] 19345871 2.247E+07 3,019 1,587 89 81
2103 o] 21,545,635 0] 19,545,871 2.137E+07 2872 1,510 84 77
2104 o] 213545635 0{ 19545871 2.033E+07 2,732 1,436) 80 73
2105 0] 21545635 o] 19525871 | 934E+07 2,59 1.366 76 69)
2106 0| 21545635 0] 10545871 1.840E+07 2,472 1,299 73 [
2107 o] 21545635 ol 19545871 1.750E+07) 2,352 1,236, 65 63
2108 0] 21545635 0] 195353871 1.665E+07 2,237 1,176 [ 60
2109 0 31545635 0] 19545871 1.583E+07 2,128 1,118 63 37
2110 0] 21545635 0] 15,545,871 1 50GE+07 2024 1.064] 60 54
2031 0 21545635 0] 19.545.871 14336407 1,935 1,012 57 51
2913 0] 21545635 o 19545871 1.296E+07 1,742 916 51 46
2114 o 21545635 0 19545871 V.233E+07 1,657 871 49 44
2115 0] 21,545,635 0] 19545871 1.173E+07 1,576 819 46 az
216 o] 21,545,635 o] 19545871 1116107 1499 788 24 40)
2117 0] 21,545,635 0] 19545871 061 E+07 1426 750 az 38
2118 0] 21,545,635 0] 1954587 1.010E+07) 1.357 713 40 36,

ESTIMATED NMOC CONCENTRATION IN LFG 5084 ppmv (Tser 2 Test Result)

ASSUMED METHANE CONTENT OF LFG 50% (USEPA NSPS default value)

SELECTED DECAY RATE CONSTANT. 0.05 (USEPA NSPS default value)

SELECTED ULTIMATE METHANE RECOVERY RATE: 5446 fd/ton (USEPA NSPS default valuc)

METRIC EQUIVALENT 170 cum/My (USEPA NSPS default value)

Conversions:

35314667 ca It per cu m
11023113 ton per Mg
32,037 cu ft/ton per cu m/Mg
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ATTACHMENT 2

SCS LANDFILL GAS RECOVERY PROJECTIONS
HAY ROAD LANDFILL



ATTACHMENT 2. LFG RECOVERY PROJECTION

Hay Road Landfill, Vacaville, California

) -
LFG
Disposal Refuse LFG Recovery System LFG Recovery from
Rate In-Place Potentinl Coverage Existing and Planned System
Year {tons/ve) (tons) (schin) (mmcel/day)  (mmBtwyr) (%) (scfm) (nuncf/day)  (mmBtw/yr)
1965 20.000 20,000 [{] 0.00 0 0% [¢] 0.00 0
1966 20.600 40.600 9 0,01} 2.380 0% 0 0.00 0
1967 21.218 61.818 18 0.03 4.734 0% 0 0.00 0
1968 21.855 83.673 27 0.04 7.064 0% 0 0.00 0
1969 2.510 106.183 35 0.05 9,375 0% 0 0.00 0
1970 23.185 129,368 44 0.06 11.668 0% 0 0.00 0
1971 23.881 153.249 52 0.08 13.948 0% 0 0.00 0
1972 24.597 177.847 61 0.09 16.216 0% 0 0.00 0
1973 25.335 203.182 69 0.10 18.476 0% 0 0.00 0
1974 26.095 229,278 78 C0l1 20,732 0% 0 0.00 0
1975 26.878 256.156 86 0.12 22.985 0% 0 0.00 0
1976 27.685 283.841 95 0.14 25.238 0% 0 0.00 0
1977 28.515 312,356 103 0.15 27,495 0% 0 0.00 [{]
1978 | 29.37} 341.726 112 0.16 29,758 0% 0 0.00 0
1979 30.252 371.978 120 0.17 32.029 0% 0 0.00 0
1980 31,159 403,138 129 0.19 34312 0%y 0 0.00 0
1981 32.094 415,232 138 0.20 36,609 0% 0 0.00 0
1982 33.057 468.289 146 0.21 38.923 0% 0 0.00 0
1983 34,049 502,337 155 0.22 41,256 0% 0 0.00 0
1984 35.070 537.407 164 0.24 43.611 0% €] 0.00 0
1985 36,122 573,530 173 0.25 45,991 0% 0 0.00 0
1986 37.206 610.736 182 0.26 48.399 0% 0 0.00 0
1987 38.322 649.038 191 0.28 50.836 0% 0 0.00 0
1988 39.472 688.529 200 0.29 53.306 0% 0 0.00 0
—_— 1989 40.656 729.185 210 0.30 55.811 0" 0 0.00 0
N 1990 41.876 771,06} 219 0.32 38.354 0% 0 0.00 0
Y. 199] 43.132 814.193 229 0.33 00.938 0% 0 0.00 0
' 1992 99.928 914.121 239 0.34 63.564 0% 0 0.00 0
1993 98.958 1.013,079 274 0.39 72.842 0% 0 0.00 0
1994 115.583 1.128.662 07 0.44 81.624 0% 0 0.00 0
1995 111.813 1.240.475 346 0.50 92,022 0% 0 0.00 0
1996 120.20) 1.360.676 382 0.55 10).544 0% 0 0.00 0
1997 110.133 1.470.809 420 0.60 111.673 0% 0 0.00 0
1998 110.723 1.581.532 452 0.65 120.187 0% 0 0.00 0
1999 131.789 1.713.321 483 0.70{ 128.421 0% Q 0.00 0
2000 124.299 1,837,620 522 0.75 138.823 0% 0 0.00 0
2001 131.586 1.969.206 356 0.80 147.906 0% 0 0.00 0
2002 133.850 2.103.056 592 0.85 157.483 0% 0 0.00 0
2003 151.890 2.254.946 628 0.90 166,935 0% 0 0.00 0
2004 146,708 2.401.654 670 0.96 178.146 0% 0 0.00 0
2005 148.175 2.549.829 708 1.02 188.279 0% 0 0.00 Q
2006 149,637 2.699 486 745 1.07 198.169 0% 0 0.00 0
2007 151.154 2.850.640 781 1.13 207.829 0% 0 0.00 0
2008 152.6635 3.003.305 817 .18 217.270 0% 0 0.00 0
2009 154.192 3.157.497 852 1.23 226,503 0% 0 0.00 0
2010 155,734 3.313.231 886 1.28 235.537 0% [¢] 0.00 0
201) 157.291 3.470.522 919 1.32 244.384 0% [i] 0.00 0
2012 158.804 3.629.386 951 1.37 233.051 85% 409 1.16 215.094
2013 160,453 3.789,838 983 142 261.550 85% 836 ’ 1.20 222,317
2014 162.057 3.951.895 1.015 1.46 269.888 85% 863 1.24 229.405
2015 163.678 4.115.573 1.046 1.51 278.074 85% 889 1.28 236,363
2016 165.314 4.280.887 1.076 1.55 . 286,116 85% 914 1.32 243199
2017 166.968 4.447.853 1.106 1.59 294.023 85% 940 1.35 249.919
2018 168.637 4.616.492 1.135 1.63 301.800 83% 963 1.39 256,530
- 2019 170,324 4.786.816 1.164 1.68 309.457 85% 989 142 263.038
2020 172.027 4.958,843 1.192 1.72 316.999 85% 1.013 1.46 269,449
2021 173.747 5.132.590 1.220 1.76 324,434 85% 1.037 1.49 275.769
2022 175.485 5.308.074 1.247 1.80 331.768 85% 1.060 .53 282.003




2023 177.239 5.485.314 1.275 1.84 339.007 85% 1.083 1.56 288.156
2024 179.012 3.664.326 1.302 1.87 346.157 85% 1.106 1.59 204.233
— 2025 180.802 3.845.128 1.328 1.91 353.224 85% 1.129 .63 300.240
2026 182,610 6.027.738 1.354 1.95 360.213 85% 11351 1.66 306.181
2027 184.436 6.212.174 1.380 1.99 367.130 85% 1173 1.69 312.061
2028 186.280 6.398.454 1.406 2.02 373.980 85% 1.195 1.72 317.883
2029 188.143 6.586.597 1.432 2.06 380.768 85" 1.217 1.75 323.652
2030 190,025 6.776,622 1.457 2.10 387.498 85% 1.238 1.78 329,373
2031 191,925 6.968.547 1482 213 394.175 85% 1.260 1.81 335.049
2032 193.844 7.162.391 1.507 217 400.804 85% 1.28] 1.84 340.683
2033 195.783 7.358.174 1.532 2.21 407.388 85% 1.302 1.87 346.280
2034 197.740 7.555.914 1.556 2.24 413,932 85% 1.323 1.9) 351843
2035 199.718 7.755.632 1.581 2.28 420,441 850 1.344 1.93 357,375
2036 201.715 7.957.347 1.603 231 426,916 85% 1.364 1.96 362.879
2037 203.732 8.161.079 1,629 2.33 433.364 85% 1.385 1.99 368.359
2038 203,769 8.366.848 1.654 2.38 439.786 85% 1.406 2.02 373818
2039 207.827 8.574.676 1.678 242 446.186 85% 1.426 2.05 379.258
2040 209,905 8.784.581 1.702 245 452.568| . 83Y% 1,446 2.08 384.683
2041 212.005 8.996.586 1.726 248 458.935 85% 1.467 2.11 390.095
2042 214125 9.210.710 1.750 2.52 463.290 85% 1.487 2.14 395.496
2043 216.266 9.426.976 1.773 2.55 471.636 85% 1.507 2.17 400.890
2044 218,428 9.645.404 1.797 2.59 477,975 854 1.528 2,20 406.279
2045 220.613 9.866.017 1.821 2.62 484311 85% 1.548 2.23 411.665
2046 222.819 10.088.836 1.845 2.66 490.647 85% 1.568 2.26 417.050
2047 225,047 10.313.883 1.86Y 2.69 496.984 83% 1.588 2.29 422437
2048 227.298 10.541.181 1.893 2.73 503.326 85% 1.609 232 427.827
2049 229.570 10.770.751 1.916 2.76 309.675 85¢4 1.629 2.35 433.224
2050 231.866 11.002.617 1940 2.79 316,034 85% 1.649 2.37 438.629
2051 234,185 11.236.802 1.964 2.83 522,404 85%0 1.670 2.40 444.043
2052 236.527 11.473.329 1.988 286 528.788 85% 1.690 243 449.470
2053 238.892 11.712.221 2,012 2.90 535.188 85% 1.710 246 454.910
2054 241.281 11.953,502 2,036 2.93 541.607 85% 1.731 249 460.366
—_ 2053 243.604 12.197.195 2.061 297 548.045 B3% 1.752 2.52 465.839
A\ 20536 246.131 12.443.326 2.085 3.00 354.506 85% 1.772 2.55 471.330
2057 248.592 12.691.918 2.109 3.04 560.992 35% 1.793 2.58 476.843
2058 251.078 12.942.996 2,134 3.07 567.503 85% 1.314 2.61 482.378
2059 253.589 13.196.585 2.158 3.1 574.043 ‘85% 1.835 2.64 487.936
2060 256.125 13.452.709 2.183 ERE 380.612 85 1.856 2.67 493,520
2061 238.686 13.711.395 2.208 3.18 587.213 85% 1.877 2.70 499.131
2062 261.273 13.972.668 2.233 3.22 593.847 85% 1.898 2.73 504.770
2063 263.885 14.236.553 2.258 3.25 600.517 85% 1.919 2.76 510439
2064 266,524 14.503.077 2,283 329 607.223 83%0 1.941 2.79 516.139
2065 269.189 14.772.267 2.309 3.32 613.967 83% 1.962 2.33 321.872
2006 271.881 15,044,148 2.334 3.36 620,751 85% 1.984 2.86 527,638
2067 274.600 15.318.748 2.360 3.40 627.576 83% 2.006 2.89 333.440
2068 277.346 15.596.094 2.386 3.44 634444 85% 2.028 2.92 539.278
2069 280.120 15.876.214 2.412 347 641.357 85% 2.050 2.95 545.153
2070 282.921 16.159.135 2438 3.51 648,315 85% 2.072 2.98 351,068
207) 285.750 16.-441.885 2.464 3.35 655.320 85% 2.094 3.02 357.022
2072 288.608 16,733,492 2.491 3.59 062.374 85% 2.117 3.05 563,018
2073 291.494 17.02.1.986 2.517 3.62 669.478 85% 2.140 3.08 369.057
2074 294,409 17.319.395 2.544 3.66 676.633 83% 2.163 3.11 575.138
2075 297.353 17.616.747 2.57] 3.70 (83.841 85% 2.186 3.15 581.265
2076 300.326 17.917.073 2.599 374 691,103 85% 2.209 3.18 587.438
2077 303.329 18.220.403 2.6206 3.78 698.420 85% 2.232 3.21 393.657
2078 6,363 18.526.765 2.654 3.82 705,793 85°% 2256 3.25 599.924
2079 309.426 18.836.192 2.682 3.86 713.225 85% 2279 3.28 606.241
2080 112.52) 19.148.712 2.710 3.90 720.715 85% 2.303 332 012.608
2081 315.646 19.464.358 2.738 3.94 728.265 85% 2,328 3.35 619.025
2082 318.802 19.783.161 2.767 3.98 735.877 83% 2.352 3.39 6235495
2083 321,990 20,105.151 2,796 4.03 743,551 83% 2.376 342 632.018
2084 325.210 20.430.361 2.825 4.07 751.289 85% 2.401 3.46 638.596
-~ 2085 328462 20.758.823 2.854 Al 759.092 85% 2.426 3.49 645.228
2086 REINEY) 21.090.570 2.884 4.13 766.961 85% 2.451 3.53 651.917
335,064 21.435.635 2.914 4.20 774.897 857 2477 3.57 638.663

{2087

- /'/"




2088 120.000 21.543.635 2.944 4.24 782.902 100% 2,944 4,24 782.902
2089 0 21,545,635 2,876 4.14 764.983 100% 2,876 4.14 764.983
2090 0 21.545.635 2,758 3.97 733.519 100°0 2,758 397 733.519
2091 0 21.545.635 2.645 3.8] 703.349 100% 2.645 3.81 703.349
2092 0 21,545,635 2,536 3.65 674,420 100% 2,536 3.65 674,420
2093 0 21.545,635 2,432 3.50 646,681 100% 2,432 3.50 646.681
2094 ) 21.545.635 2,332 1.36 620,083 100°%, 2332 3,36 620.083
2093 0] 21.545.633 2.236 3.22 394,579 100% 2.236 3.22 594,579
2096 0 21.545.635 2,144 3.09 570.123 100% 2,144 3.09 570,123
2097 0 21.545.635 2.056 2.96 546.674 100% 2,056 2.96 546.674
2098 0 21.545,635 1.971 2.84 524.189 100% 1.971 2.84 524,189
2099 0 21.545.635 1.890 2.72 502,629 100% 1,890 2.72 502.629
2100 0 21.545.635 1.412 2.61 481,956 100% 1.812 2.61 481,956
2101 0 21,545,635 1.738 2.50 462,133 100%% 1,738 2.50 462.133
2102 0 21.545,635 1,666 2.40 443,125 100% 1.666 240 443.125
2103 0 21.545,635 1.598 2.30 424.900 100% 1.598 230 424.900
2104 0 21.545,635 1.532 2.2] 407423 100% 1.532 2.21 407.423
2105 0 21.545.635 1.469 2,12 390,666 100%0 1.469 2,12 390.666
2100 0 21.545,615 1.409 2.03 374.598 100%¢ 1.409 2.03 374,598
2107 0 21.545.635 1.35] 1.94 359,191 100%0 1.351 1.94 359.191
2108 0 21.545.635 1.295 1.86 344417 100% 1.295 1.86 344417
2109 0 21.545.635 1,242 1.79 330,251 100°%s 1.242 1.79 330.251
2111 0 21.545.635 1.142 1.64 303.643 100%0 1.142 1.64 303.643
2112 0 21.545.635 1.095 1.58 29].154 100% 1.095 1.58 291154
2113 0 21,545,635 1.050 1.51 279.179 100% 1,050 1.51 279.179
2114 0 21.545.635 1.007 1.45 267.696 100%0 1.007 .45 267.696
2115 0 21.5435.635 965 1.39 256.686 100% 965 1.39 256,686
2116 0 21.545.635 925 1.33 246,128 100% 925 1.33 246,128
2117 0 21.545.635 887 1.28 236,005 100°%¢ 887 1.28 236.005
2118 0 21.545.635 . 85) 1.23 226,298 100% 851 1.23 226.298
“ Methane Content of LEG Adjusted to; 50% (T'vpical Default Value)
) 0.0420

N\

)

ya

Selected Decay Rate Constant (k):

Selected Ultimate Methane Recoveny Rate (Lo):

Nete: This is a LKG RECOVERY not a LFG Generation model. As such. SCS sclects K & Lo values from an SCS-Proprictary database
that we believe best represent site conditions. 1f the landfill's LFG collection system covers 100 percent of the lendfill. then it
should collect 100 percent of the Recoverable gas.

2,800 cu fi'ton



S

ATTACHMENT 3

LANDFILL GAS-TO-ENERGY PROFORMA
HAY ROAD LANDFILL
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