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This design analysis variance report (DAVR) for the Environmental Restoration Disposal Facility 

(ERDF) Cells 7 through 10 documents design revisions from the previous ERDF cell design.1 

The design revisions are based in large part on the lessons learned at ERDF that have occurred 

to date; these revisions are intended to serve as a reference point as the development of ERDF 

continues. Other revisions include the updating to current codes that would have been 

implemented since the last revision , as well as incorporating new design features that were 

requested by Washington Closure Hanford. Lastly, this DAVR documents verification of various 

design elements to confirm the existing ERDF infrastructure has the capacity to serve Cells 7 

through 10. 

Revisions based on a lessons learned represents the largest portion of this report. The largest 

segment of these revision types occurred in the trench section that comprises the ERDF cells 

themselves. Changes were made to multiple landfill components that did not adversely affect 

the engineering performance of ERDF. Examples of these changes included switching to a 

white geomembrane to reduce the effects of solar energy, creating redundancies in the sump 

riser pipes, welding the primary liner to the secondary liner in the anchor trench, reducing the 

types of drainage gravel to be used, and reducing liner system run out as well as the distance 

between the cell boundary and the cut slope. 

A revision based on code updated included bringing the crest pad building current with the 2006 

International Building Code. 

Revisions that are new design features to ERDF include the vadose zone monitoring system. 

Lastly, the DAVR contains sections that document that the existing ERDF design will meet the 

needs of Cells 7 through 10. These sections include verifying the existing capacity of the 

leachate storage tank, verifying the existing capacity of the leachate transmission system as 

well as verifying the power needs and capacity as well as signalization of the leachate 

transmission system. 

1 BHl-00355, 1995, Design Analysis: Construction of W-296 Environmental Disposal Facility, Bechtel Hanford, Inc., 
Richland , Washington; and CCN 117640, ERDF Cells 5 & 6 Design Analysis Variance Report, dated November 16, 
2004, Bechtel Hanford , Inc., Richland , Washington . 
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METRIC CONVERSION CHART 

Into Metric Units 

ff You Know Multiply By To Get 

Length 

inches 25.4 millimeters 

inches 2.54 centimeters 

feet 0.305 meters 

yards 0.914 meters 

miles 1.609 kilometers 

Area 

sq. inches 6.452 sq. centimeters 

sq . feet 0.093 sq. meters 

sq. yards 0.836 sq. meters 

sq. miles 2.6 sq. kilometers 

acres 0.405 hectares 

Mass (weight) 

ounces 28.35 grams 

pounds 0.454 kilograms 

ton 0.907 metric ton 

Volume 

teaspoons 5 milliliters 

tablespoons 15 milliliters 

fluid ounces 30 milliliters 

cups 0.24 liters 

pints 0.47 liters 

quarts 0.95 liters 

gallons 3.8 liters 

cubic feet 0.028 cubic meters 

cubic yards 0.765 cubic meters 

Temperature 

Fahrenheit subtract 32, Celsius 
then multiply 
by 5/9 

Radioactivity 

picocuries 37 millibecquerel 
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Out of Metric Units 

ff You Know Multiply By 

Length 

millimeters 0.039 

centimeters 0.394 

meters 3.281 

meters 1.094 

kilometers 0.621 

Area 

sq. centimeters 0.155 

sq. meters 10.76 

sq. meters 1.196 

sq. k.ilometers 0.4 

hectares 2.47 

Mass (weight) 

grams 0.035 

kilograms 2.205 

metric ton 1.102 

Volume 

milliliters 0.033 

liters 2.1 

liters 1.057 

liters 0.264 

cubic meters 35.315 

cubic meters 1.308 

Temperature 

Celsius multiply by 9/5, 
then add 32 

Radioactivity 

millibecquerels 0.027 
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1.0 TRENCH REVISIONS 

1.1 LEACHATE PUMP DESIGN 

Leachate generation calculations were performed to verify that the proposed leachate pumps 
are adequately sized to pump the expected leachate flows. Previous calculations (BHI 1995, 
2004b) for sizing the leachate pumps in the Environmental Restoration Disposal Facility (ERDF) 
cells employed the assumption of removing the liquids from a 25-year, 24-hour storm event in 
24 hours, even though the design analysis (BHI 1995) specifies design criteria: "For the design 
storm event, leachate will be removed so that the head on the primary liner system is below 1 
foot within 72 hours." The leachate pumps in Cells 7 to 10 were sized to remove the collected 
leachate without exceeding the peak daily head requirement of 30 cm (12 in.). 

Design Change Impact Statement 

The U.S. Environmental Protection Agency's (EPA's) Hydrologic Evaluation of Landfill 
Performance (HELP) model (version 3.07) was used to evaluate the performance of the 
proposed design configuration. The HELP model is a quasi-two-dimensional model that is 
used to conduct water balance analyses for landfills and cover systems. 

The HELP model was used to evaluate whether the calculated leachate head on the 
primary liner in the proposed configuration would exceed 30 cm (12 in.). In addition, model 
output was also used in the design of other ERDF system components, such as the 
leachate collection system piping. 

In general, input data use.d in the HELP model include evapotranspiration data; 
meteorological data from the Hanford Meteorological Station (obtained from the Pacific 
Northwest National Laboratory); and soil and design data. Each of these input parameters 
is summarized in the following sections. 

Evapotranspiration Data 

The following data were manually input to simulate bare ground (i.e., no vegetation) 
since the simulation was performed for an open landfill during its operating life: 

Station Latitude - The latitude of the Hanford Meteorological Station is 46.553 
degrees north. 

Maximum Leaf Area Index - A maximum leaf area index of zero was used to 
represent bare ground conditions. 

Growing Season Dates - The starting and ending dates of the growing season at 
the Hanford site were input as April 14 (Julian day 103) and October 16 (Julian day 
288), respectively. 

Evaporative Zone Depth-An evaporative zone depth of 41 cm (16 in.) was used 
to represent bare ground conditions. This value is consistent with HELP model 
guidance and previous model simulations for the ERDF. 

Design Analysis Variance Report ERDF Cells 7-10 
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Average Annual Wind Speed-An average annual wind speed of 12.23 km/hr 
(7.60 mi/hr) was used. 

Average Relative Humidity- The average relative humidity during the first, 
second, third, and fourth quarters of the year was input as 68.2%, 43.3%, 37.1 %, 
and 70.1 %, respectively. 

Meteorological Data 

Site-specific meteorological data from the Hanford Site was used. These data included 
daily values for precipitation, temperature, wind, humidity, and solar radiation. Climate 
data file was obtained from Ken Burk at the Hanford Weather Station. The HELP model 
was then run using the 31 years of data (1955-1959, 1980-1999, and 2001-2006). 

Soil and Design Data (Open Sideslope) 

The HELP model is not designed to model a compound slope, so separate simulations 
were performed for the sideslope and the floor. Since the sideslopes are designed with 
a 3:1 (33%) slope, liquid is expected to move through the drainage layers much faster 
than on the floor, which is designed with 1.5% and 3% slopes. The open sideslope 
simulation was performed for a 1.2 ha (3.0-acre) area, which represents the approximate 
sideslope area in each cell. 

Layer 1 - The simulation was performed for open conditions (i.e., no waste), so 
the first (top) soil layer is the operations layer. A 0.9 m (3-ft) operations layer 
was assumed. The operations layer was assumed to be the HELP model default 
soil classification U.S. Department of Agriculture (USDA) soil type SL (sandy 
loam)/United Soil Classification System (USCS) soil type SM (silty sand); and the 
HELP model default hydraulic conductivity of 7.2 x 10-4 cm/sec was used. 

Layer 2 - Below the operations layer, a geocomposite drainage layer will be 
installed on the sideslopes. The HELP model default parameters for a 0.6-cm 
drainage net were used, with a 33% slope and a maximum drainage length of 
255 ft. 

Layer 3 - A 60-mil HOPE geomembrane will be installed below the geocomposite 
described in Layer 2. The HELP model default parameters for a flexible 
membrane liner were used. A "good" geomembrane placement quality was 
assumed, along with one pinhole and four installation defects per acre. 

Layer 4 - A second geocomposite will be installed below the primary liner 
described in Layer 3. The HELP model default parameters for a 0.6-cm drainage 
net were used, with a 33% slope and a maximum drainage length of 77. 7 m 
(255 ft). 

Layer 5 - A second 60-mil HOPE geomembrane will be installed below the 
geocomposite described in Layer 4. The HELP model default parameters for a 
flexible membrane liner were used. A "good" geomembrane placement quality 
was assumed, along with one pinhole and four installation defects per acre. 

Design Analysis Variance Report ERDF Cells 7-10 
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Layer 6 - The compacted admix layer will be constructed below the secondary 
geomembrane described in Layer 5. The admix layer will be a minimum of 0.9 m · 
(3 ft) thick, with a minimum hydraulic conductivity of 1 x 10-7 cm/sec. 

Soil and Design Data (Open Floor) 

Since the HELP model is not designed to model a compound slope, separate open floor 
simulations were performed for the 1.5% and 3% slope areas. The 1.5% slope 
simulation was performed for a 1.11 ha (2. 75-acre) area, and the 3% slope simulation 
was performed for a 1.06 ha (2.62-acre) area. These areas represent the total area of 
each slope configuration in each cell. 

Layer 1- The simulation was performed for open conditions (i.e. , no waste), so 
the first (top) soil layer is the operations layer. A 0.9 m (3-ft) operations layer 
was assumed. The operations layer was assumed to be the HELP model default 
soil classification USDA soil type SL (sandy loam)/USCS soil type SM (sandy 
silt); and the HELP model default hydraulic conductivity of 7.2 x 10-4 cm/sec was 
used. 

Layer 2 - Below the operations layer, a granular drainage layer will be installed 
on the floor. The maximum drainage length of 50 ft was used in the model, along 
with the proper drainage slope (1.5% or 3%). The hydraulic conductivity of the 
gravel drainage layer was assumed to be 5 x 10-2 cm/sec. 

Layer 3 - A 60-mil HOPE geomembrane will be installed below the granular 
drainage layer described in Layer 2. The HELP model default parameters for a 
flexible membrane liner were used . A "good" geomembrane placement quality 
was assumed, along with one pinhole and four installation defects per acre. 

Layer 4 - Below the primary geomembrane, a second granular drainage layer 
will be installed on the floor. Maximum drainage lengths of 122 m (400 ft) and 
61 m (200 ft) were used for the 1.5% and 3% slopes, respectively, was used in 
the model, along with the proper drainage slope (1.5% or 3% ). The hydraulic 
conductivity of the gravel drainage layer was assumed to be 5 x 10-2 cm/sec. 

Layer 5 - A second 60-mil HOPE geomembrane will be installed below the 
drainage layer described in Layer 4. The HELP model default parameters for a 
flexible membrane liner were used. A "good" geomembrane placement quality 
was assumed, along with one pinhole and four installation defects per acre. 

Layer 6 - The compacted admix layer will be constructed below the secondary 
geomembrane described in Layer 5. The admix layer will be a minimum of 0.9 m 
(3 ft) thick, with a minimum hydraulic conductivity of 1 x 10-7 cm/sec. 

Soil and Design Data (Waste Simulations) 

Simulations for the sideslopes and floor were similarly performed with 3 m ( 10 ft) and 
11 m (35 ft) of waste in place, along with 30 cm (12 in.) of cover soil. The waste layer 
was modeled as HELP model default soil classification USDA soil type LFS (loamy fine 
sand)/USCS SM (sandy silt) with a hydraulic conductivity of 1 x 10-3 cm/sec. The soil 

Design Analysis Variance Report ERDF Cells 7-10 
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classification was selected as it appears to generally represent the waste soil types (with 
some debris) received at ERDF with a hydraulic conductivity that is believed to be 
conservative for the waste that is to be disposed in the ERDF. The cover soil was 
assumed to be the same soil type as the operations layer (sandy loam, hydraulic 
conductivity of 7.2 x 10-4 cm/sec). 

HELP Model Results 

The results of the HELP model simulations are summarized in Tables 1 through 3. The 
tables show the average annual drainage and the peak daily drainage from the primary 
drainage layer in each of the three modeled scenarios. The peak precipitation 
calculated by the HELP model for the Hanford area was 4.06 cm (1.6 in.) This is 
approximately 25% greater than the 3.25 cm (1.28 in.) estimated for a 25-year, 24-hour 
storm. The total leachate generation is estimated by adding the results from the 1.5%, 
3%, and sideslope scenarios. 

The model analyses of open conditions (i.e., no waste in place) showed an average 
annual head on the primary geomembrane liner of less than one inch for all cases. The 
peak daily head was calculated to be approximately 11. 7 cm (4.6 in.), for the 1.5% slope 
in open conditions. Therefore, the proposed design configuration satisfies the design 
criterion of less than 30 cm (12 in.) of head on the liner. 

Subsequent analyses using 3 m (10 ft) and 11 m (35 ft) of waste were also performed, 
and these results are summarized in Tables 1 through 3. HELP model output for all of 
the referenced analyses is attached. 

Table 1. Open Conditions (No Waste in Place). 

Average 

Configuration 
Primary 

Drainage 
{ft3/yr) 

1.5% Floor 9,517 

3% Floor 9,794 

3:1 Sideslope 14,301 

TOTAL 33,612 

Design Analysis Variance Report ERDF Cells 7-10 
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Peak Average 
Primary Primary 

Drainage Liner Head 
{ft3/day) (in.) 

3,438 0.031 

4,741 0.017 

7,626 0.000 

15,805 N/A 

Peak 
Primary 

Liner Head 
(in.) 

4.55 

4.12 

0.006 

N/A 
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Table 2. Operating Simulation (3 m [10 ft] Waste in Place). 

Average Peak Average Peak 

Configuration Primary Primary Primary Primary 
Drainage Drainage Liner Head Liner Head 

(ft3/yr) (ft3/day) (in.) (in.) 

1.5% Floor 7,667 285 0.025 0.578 

3% Floor 8,154 294 0.014 0.342 

3:1 Sideslope 20,282 433 0.000 0.000 

TOTAL 36,094 1,012 N/A N/A 

Table 3. Operating Simulation (11 m [35 ft] Waste in Place). 

Average Peak Average Peak 

Configuration Primary Primary Primary Primary 
Drainage Drainage Liner Head Liner Head 

(ft3/yr) (ft3/day) (in.) (in.) 

1.5% Floor 4,299 59 0.014 0.131 

3% Floor 4,608 62 0.008 0.075 

3:1 Sideslope 14,330 204 0.000 0.093 

TOTAL 23,237 325 N/A N/A 

When no waste is present in the cell, a minimum pump capacity of approximately 
310 Umin (82 gal/min) is required. 530 Umin (140-gal/min) pumps were used in Cells 5 
and 6 and will continue to be used in Cells 7-10. As shown on the above results, 
however, the peak leachate generation rates decrease significantly as additional waste 
is placed in the cell. The required peak pump capacity is reduced to 20.06 Umin 
(5.3 gal/min) and 6.4 Umin (1.7 gal/min) when 3 m (10 ft) and 11 m (35 ft) of waste, 
respectively, is in place. Calculations are provided in Appendix A. 

1.2 LEACHATE STORAGE TANK CAPACITY EVALUATION 

Calculations have been prepared demonstrating that the existing leachate storage tanks 
continue to provide sufficient capacity to meet the storage requirement criterion specified in the 
design analysis. The calculations were based on the leachate generation from one lined cell 
using the 25-year, 24-hour storm event. · 

Design Change Impact Statement 

None. As shown in the attached calculations, the existing leachate storage tanks provide 
sufficient capacity to meet the calculated storage requirement. Calculations are provided in 
Appendix B. 

Design Analysis Variance Report ERDF Cells 7-10 
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1.3 WHITE GEOMEMBRANE DESIGN CHANGE 

The specifications for the construction of Cells 7-10 have been revised to require the use of 
white geomembrane. 

Design Change Impact Statement 

White geomembrane is identical to black geomembrane, which was used on the previous 
cells, in synthetic properties except that it has a white light reflective surface on the upper 
side of the geomembrane. Advantages of white geomembrane include post-installation 
damage is more easily noted on white geomembrane, and heat buildup is reduced since 
the liner reflects solar energy. The lower liner temperature also leads to fewer wrinkles and 
less subgrade desiccation. No calculations are required for this change. 

1.4 GEOSYNTHETIC RESEARCH INSTITUTE SPECIFICATIONS 

The project specifications for the geomembrane and geotextile materials have been modified to 
be consistent with the most recent specification standards as published by the Geosynthetic 
Research Institute (GRI). 

Design Change Impact Statement 

The GRI specifications represent the state of the practice for geosynthetic design and 
provide a specification that all manufacturers can meet with standard products. The 
specifications were developed by the GRI membership to eliminate the variations in the 
industry with respect to quality control frequencies, variable test values that made certain 
specifications sole source, and also to provide the most recent and appropriate American 
Society for Testing and Materials (ASTM) standards. GRI has also eliminated some tests 
that have been determined to be irrelevant to the quality and performance of the finished 
material-such as low-temperature brittleness, soil burial, and dimensional stability. 

The GRI membership consists of the engineers, landfill owners, geosynthetic 
manufacturers, resin suppliers, and regulators who all have a vested interest in the proper 
specification and use of geosynthetics. Members include EPA and the U.S. Army Corps of 
Engineers as well as numerous state agencies. 

The GRI specifications clearly provide guidance on test methods and recommended values 
for each property. The use of minimum average roll values is recommended only for 
geotextile materials. All geomembrane materials require a minimum average or absolute 
minimum value. No calculations are required for this change. 

1.5 REMOVAL OF WELD BEADS FROM INTERIOR OF SUMP RISER PIPES 

All high-density polyethylene (HOPE) sideslope riser pipes shall have the internal fusion beads 
removed and extracted from the pipe. The pipe shall be visually inspected after the process is 
complete to verify that the interior of the riser pipes are smooth. 

Design Analysis Variance Report ERDF Cells 7-10 
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Design Change Impact Statement 

Removing the fusion beads from the pipe interior will facilitate pump insertion and removal, 
and will minimize the number of locations for biofilm accumulation. No calculations are 
required for this change. 

1.6 ANCHOR TRENCH DESIGN CHANGE 

The anchor trench as been modified as shown on the design drawings. In the previous anchor 
trench design, the geosynthetic layers were separated by 15 cm (6 in.) of Type 11 fill. The new 
design calls for the primary and secondary liners to be welded together in the anchor trench, 
with no soil layers in between. 

Design Change Impact Statement 

The revised design will minimize water infiltration into the secondary liner system. No 
calculations are required for this change. 

1.7 TRANSDUCER ACCESS PIPE DESIGN CHANGES 

The transducer access pipe in the primary sump has been changed from a three-inch diameter 
HOPE pipe to a 15 cm (6-in.)-diameter HOPE pipe. In addition, the transducer access pipe in 
the secondary sump has been changed from a 7.6 cm (3-in.)-diameter HOPE pipe to a 30 cm 
(12-in.)-diameter HOPE pipe. 

Design Change Impact Statement 

The increased pipe sizes will allow for additional redundancies for pump and instrument 
access. As shown in the attached calculations, the designed HOPE pipes will withstand the 
overlying loads, including those imposed by the final cover system. Calculations are 
provided on Appendix C. 

1.8 REDUCTION OF LINER SYSTEM RUN-OUT 

The previous design called for a 13 m ( 43-ft) run-out beyond the cell limits. The run-out 
distance is used to facilitate tie-in during future cell construction projects. The liner system run­
out past the cell limits has been reduced to 7 m (23 ft) as shown in the design drawings. 

Design Change Impact Statement 

Reducing the run-out will reduce in less wasted construction materials, as well as less area 
that may require repairs prior to tie-in. No calculations are required for this change. 

Design Analysis Variance Report ERDF Cells 7-10 
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1.9 REDUCTION OF SPACING BETWEEN THE CELL BOUNDARY AND THE EAST SIDE 
CUT SLOPE 

The previous design called for approximate 69 m (228-ft) spacing between the cell'boundary 
and the east side cut slope. The spacing has been reduced to 30 m (100 ft) as shown in the 
design drawings. 

Design Change Impact Statement 

Reducing the spacing will result in less excavation required during the construction of 
Cells 7 and 8 and 9 and 10. No calculations are required for this change. 

1.10 SLOPE STABILITY CALCULATIONS 

The interface friction angle values specified for the liner system were reviewed to ensure the 
materials specified provide the required stability. In addition, the higher 3.0 horizontal: 1.0 
vertical excavation slope at the north wall of the cells was reviewed to verify compliance with the 
recommended factors of safety. 

Design Change Impact Statement 

Internal Friction Angle 

Initially the EROF design analysis (BHI 1995) required the interface friction angle to be 
determined by direct shear testing under fully saturated conditions (ASTM 05321) at 
nominal loads of 200, 400, and 600 psf. These load values are representative of the short 
term loading condition that exists before waste is placed against the slope (0.9 m [3 ft] of 
operations layer at a unit weight of 120 pct). The required residual friction angle between 
the interfaces listed below were to have a minimum value of 29.5 degrees under a normal 
load of 400 psf and a displacement of 5 cm (2 in.): 

• Geocomposite (GC) and operations layer material 
• GC and textured HOPE geomembrane (GM) 
• Soil bentonite admix and textured HOPE GM. 

Testing performed by the construction quality assurance engineer during the construction 
of Cells 5 and 6 determined that the interface shear strength for the proposed GC and 
textured HOPE GM materials could not meet the minimum required 29.5 degree residual 
friction angle at these loads. We agree with this conclusion. At these relatively light loads, 
we were unable to locate any interface friction angles that would meet the original 
specification of 29.5 degrees. 

To address this condition during the construction of Cells 5-6, CH2M HILL performed an 
interface shear strength and slope stability evaluation (SHI 2004a). Because the event 
being evaluated was a short term interim condition, CH2M HILL used a revised seismic 
coefficient (Cs) value (50% of peak ground acceleration for a 1,000-year design 
earthquake) along with a minimum factor of safety (FS) of 1.0 for seismic conditions. 
CH2M HILL also noted that these same input variables were used at the Hanford 
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Integrated Disposal Facility. In addition, CH2M HILL also assessed an alternate multi-layer 
system approach to evaluate peak and residual strengths for multi-layer geosynthetic lining 
systems. An important aspect of this approach is that the various layers of the lining 
system are viewed as a whole system and not individual interfaces. The approach reasons 
that the controlling residual strength of the multi-layer system is the interface with the 
lowest peak strength. The approach further theorizes that for an interface to achieve 
residual strength values, it first must reach its peak strength. CH2M HILL concluded that 
this approach has merit and was accepted for Cells 5 and 6. 

Based on the above, we concur with CH2M Hill's findings . We therefore have revised the 
specification for Cells 7 through 10. Calculations are provided in Appendix D. 

Interface Strength Specification 

The residual friction angle between the geocomposite and operations layer material and 
admix and textured HOPE GM shall have a minimum value of 29.5 degrees under a normal 
load of 1,955 kg/m2 (400 psf) and a displacement of 50 cm (2 in.) with a cohesion of zero 
(0). The residual friction angle between the textured HOPE GM and GC shall have a 
minimum value of 24.0 degrees under a normal load of 1,955 kg/m2 (400 psf) and a 
displacement of 50 cm (2 in .) with cohesion of zero (0). The 24.0 degrees provides an FS 
of 1.1 as compared to the calculated angle of 21.9 degrees. Interface friction angles shall 
be determined by direct shear testing under fully saturated conditions (ASTM D5321) at 
nominal normal loads of 9.6. 19.2, and 28.8 kPa (200, 400, and 600 psf). 

Global Stability 

A slope stability analysis was performed considering static and seismic loading conditions. 
The stability analyses were performed using the computer program XSTABL, Version 5.02, 
developed by Interactive Software Designs, Inc. (1995). This program uses the · 
conventional , two-dimensional, limit equilibrium methodology to analyze the stability of 
slopes and embankments. The XSTABL program uses a search routine by generating 
potential slip surfaces and subsequently calculates the factor of safety along the assumed 
surfaces. The two-dimensional method of limit equilibrium is widely used in the 
geotechnical engineering practice and is a generally accepted method to estimate the 
factor of safety for stability of a slope. The simplified Bishop method of slices was used to 
analyze for circular-type failure surfaces. For seismic loading conditions, a bedrock 
acceleration coefficient of 0.12g was used for dynamic analysis. Calculations are attached. 
Table 4 is a summary of the slope stability analysis results. 

Table 4. Global Stability Analysis 

5 

A-A' 

A-A' 

*Rounded to nearest 0.1 . 
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In summary, the calculated FS's exceed regulatory requirements (static=1 .5 and 
dynamic=1 .2) and are considered adequate. Calculations are provided in Appendix E. 

1.11 ACTION LEAKAGE RATE EVALUATION 

The action leakage rate was evaluated for the proposed configuration . 

Design Change Impact Statement 

As shown in the attached sheets, an action leakage rate of 530 gal/acre/day was calculated 
using the procedures specified in the EPA's guidance documents. This value corresponds 
to a minimum pumping capacity of 12.1 Umin (3.2 gal/min) needed to maintain less than 
0.3 m (1 ft) of head on the secondary liner. Calculations are provided in Appendix F. 

2.0 CIVIL 

2.1 ACCESS ROAD 

A new access road may be constructed to provide access around the container queue area. 
The existing trail located along the north side of the container queue area may be upgraded into 
a two-lane, crowned , aggregate-surfaced site road with appropriate drainage and protection for 
buried utility crossings. This access road is not a required component of the cell construction 
and is only documented in the design analysis variance report because it may be included in the 
cell construction subcontract. 

Design Change Impact Statement 

The alignment of access road is presented on drawings 0600X-DD-C0301 and 
0600X-DD-C0302 and details are presented on drawing 0600X-DD-C304. Design 
parameters were provided by Washington Closure Hanford. 

2.2 VADOSE MONITORING SYSTEM DESIGN CHANGE 

A vadose zone monitoring system, composed of buried stainless steel pipelines, was added 
under Cells 7 and 8. The buried stainless steel pipelines are not being added under Cells 9 and 
10. 

Design Change Impact Statement 

The vadose zone monitoring system pipes will consist of three 10 cm ( 4-in . )-d iameter 
nonperforated stainless steel pipes that will be installed in trenches below the admix liner. 
As shown on the drawings, the pipe will not be installed beneath the liner sumps. The 
pipes are designed such that a 0.6 m (2-ft)-long, 5 cm (2-in.)-diameter instrument can be 
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pulled through using a cable system, and Victaulic® pipe couplings are used to maintain 
electrical conductivity along the entire pipe length. 

The attached calculations show that Schedule 40 Grade 304 stainless steel pipes will 
withstand the overlying loads, including those imposed by the final cover system. 
Additional calculations demonstrating the ·adequacy of the proposed cable are also 
attached. The.cable calculations contain a figure demonstrating that the proposed 
instrument can pass through the proposed bends between the floor and sideslope pipes. 
The gasket material for this application was a standard type "E" from Victaulic. This gasket 
was chosen based on the intent to keep debris and liquids out of the pipe. The likely 
substance the gasket may be subject to is groundwater, or dilute concentrations of 
organics. The type "E" gasket is compatible with this application. 

Note that the attached pipe loading calculations are conservative, since they assume the 
earth loading to be calculated by a prism of soil over the pipe. In reality, the expected loads 
may be less than half of the calculated prism loads, due to soil arching over the pipe trench. 
Calculations are provided in Appendix G. 

3.0 STRUCTURAL 

3.1 2006 INTERNATIONAL BUILDING CODE DESIGN CHANGE 

Update the structural calculations from the 1997 Universal Building Code to the 2006 
International Building Code (IBC) (IBC 2006). 

Design Change Impact Statement 

The design changes made to the crest pad foundations calculations are due to acceptance 
of a new building code. The 2006 edition of the International Building Code is now to be 
used as amended by the State of Washington and local agencies. The loading conditions 
were analyzed and revised in accordance with the 2006 IBC (IBC 2006). Bearing capacity 
is, however, less than that assumed for the initial design. The initial design was checked 
and found to be within acceptable limits for the revised allowable bearing capacity. 
Calculations are provided in Appendix H. 

® Victaulic is a registered trademark of Victaulic Company. 
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BUILDING CODE ANALYSIS 

Project No.: 2186-351-11 

Location: 

Date: 

Hanford Site, Washington 

02-14-2007 Analysis By: Mark Foster 

Applicable Codes: International Building Code, 2006 edition (IBC 2006) 
International Fire Code, 2006 edition (IFC 2006) 

Project Description: 

Two pre-engineered metal buildings that have the same floor plan will be constructed to 
monitor leachate liquid from the landfill. The buildings will consist of a meter room and 
an electrical room. 

Classification: Section 306.3 

Occupancy: F-2 Factory Industrial Low Hazard Occupancy 

Construction Type: V 

Occupancy Separation: 

No Separation Requirement 

Allowable Floor Area: 

Basic allowable is 13,000 SFT 

Actual Floor Area: 

F-2 (Meter Room and Electrical Room): 540 SFT 

Allowable Height: 

40 ft max - Basic allowable is two stories 

Actual Height: 

F-2 (Single Story) Height = 15'-1 O" 
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Occupant Load Factor: 

Accessory storage areas, mechanical equipment room 

540/300=1.8 (say 2) 

Number of Occupants: 

Not normally occupied 

Area Separation: 

N/A 

Liquid Storage Room: 

Number of Exits Required: 

Table 1004.1.1 

Section 508.3 

Section 3402 IFC / 2006 

Section .307 IBC / 2006 

Section 1015.1 

Electrical Room and Mechanical Room only require one exit each 

Maximum Travel Distance to Exits: Table 1016.1 

F-2 maximum of 300 ft 

Dead End Corridor Limit: Section 1017.3 

N/A - No Corridors 

Fire Resistive Requirements: Table 601 & 602 

N/A - No Corridors 

Opening Protection: Table 704.8 

Both buildings are a distance greater than 30 ft from the property line or another 
building . Therefore, the openings do not need to be protected. 

Roof Coverings: Table 1505.1 

Minimum Class C roofing required . Class B (metal sheets) will be provided. 

Sprinkler System: 

Not required 
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Fire Alarm and Detection System: Section 907 .2.4 

Not required 

Portable Fire Extinguishers: Section 906, NFPA 10 

Required; one provided for each room placed by the exit. 

Secondary Containment: Section 2704.2.2.1 IFC 2006 

Containment of leachate water will be accomplished by providing a 6-in.-high concrete 
curb around the meter room with a floor drain directing any flow back into the 12-in. 
primary riser pipe. 

Handicapped Accessibility: 

NIA 

Flammable and Combustible Materials: Table 803.3 IFC 2006 

Class C interior room finish required 

Hazardous Materials: Section 3700, IFC 2006 

The leachate water that is pumped in and out of the buildings is composed of several 
constituents. The concentration levels of those constituents combined is of such a low 
level that the leachate is determined to be NON-HAZARDOUS. 

In addition to the leachate water pumping through the buildings, barrels of resin modified 
emulsion will be stored in the Meter room. The resin is considered to be a health 
hazard1. The exempt amount stored in a building is not limited. 
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4.0 MECHANICAL 

4.1 LEACHATE TRANSMISSION PIPELINE 

The existing leachate transmission pipeline is a gravity-flow pipeline and future extensions were 
checked to verify gravity flow can be maintained. Two calculations were performed, and it was 
determined that the existing slope requirements and drain requirements provide the flow 
capacity required to handle leachate flows from Cells 7-10. The design reflects the required 
manhole pipe inlet elevations and the required crest pad elevations. Therefore, Cells 7-10 will 
not require design changes. 

Design Change Impact Statement 

None. Continuing the same pump operation configuration approved for Cells 5 and 6 
(turning the high-capacity pumps from automatic to manual operation in cells containing 
waste), the existing design is adequate. Calculations are provided in Appendix I. 

4.2 LEACHATE TRANSMISSION PIPELINE SLOPE 

The design analysis (BHI 1995) used a transmission pipeline slope of 0.3% between the cells to 
convey leachate to the storage area. At 0.3% the 25 cm (10-in .) gravity line has a capacity of 
1,893 Umin (500 gal/min). The pipeline segments for Cells 1 through 6 were constructed with a 
slope of greater than 0.3%. For Cells 7-10, the transmission pipeline slope was set to 0.3% in 
accordance with the design analysis (BHI 1995). 

Design Change Impact Statement 

None. The 0.3% transmission pipeline slope matches the slope used in the design analysis. 
Calculations are provided in Appendix J. 

4.3 LEACHATE PUMP CAPACITY 

The HELP model data in Section 1.1 estimate the expected volume of leachate to be removed. 
The minimum required volume is a reduction as compared to the volumes calculated for Cells 5 
and 6. The new minimum flow rate was used to select the minimum required pump flow 
capacity to maintain the leachate depth less than 30 cm ( 12 in.) on the cell floor. 

In addition, the availability of 316 Stainless Steel specified for previous pumps was verified . It is 
noted here that although 316 is available, 304 is also available and should be considered by the 
owner of the facility. 

Design Change Impact Statement 

To be consistent with previous cells and provide additional pump capacity factor of safety, 
the pump size was not revised to the minimum size needed. The high-capacity and low-
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capacity pumps specification were not revised and were left to match Cells 5 and 6 
(530 Umin [140 gal/min] for high-capacity pump and 57 Umin [15 gal/min] for low-capacity 
pumps). Calculations are provided in Appendix K. 

5.0 ELECTRICAL 

5.1 CELLS 7-10 POWER CAPACITY DESIGN CHANGE 

The power capacity in the existing duct banks for Cells 1 through 6 is at capacity. A new duct 
bank has been installed for the North Cells 7 and 9. The new duct bank consists of six 10 cm 
(4-in.)-diameter conduits encased in concrete (similar to the existing duct banks) and runs from 
a new transformer located along the north side of the container queue area, through the queue, 
and temporarily terminates in the north side of the perimeter berm north of Cell 5. Power for 
Cells 7 and 9 shall be from the new transformer and duct bank. Cells 8 and 10 (South) will be 
supplied power by utilizing existing conduits in the existing duct bank. 

Design Change Impact Statement 

Cell 1-6 power supply has not been changed by this design. Cells 7 and 9 existing (new) 
substation power service is shown on Drawing No. 0600X-DD-E0101; continuation of a 
new duct bank is shown on Cell 7 electrical layout Drawing No. 0600X-DD-E-0111. The 
source circuit breaker at MOP #2 will need to be changed to a 100 ampere unit. 

Cell 8 and 10 power supply will be provided by using existing 0.6 m (2-ft) conduits. Some 
minor wires will need to be relocated to adjacent conduits to provide two spare 0.6 m (2-ft) 
conduits from Substation #1 to Cell 8. Some larger conduits exist part way. The circuit will 
consist of parallel 250 kcmil conductors that are necessary to limit the voltage drop on this 
very long circuit. Calculations are provided in Appendix L. 

5.2 CELLS 7-10 SIGNAL CABLE DESIGN CHANGE 

The existing signal cable duct bank from the leachate pump station, located adjacent'to the 
leachate storage tanks, to the Cells 5 and 6 crest pad building and associated motor-operated 
valves in the leachate transmission pipeline manholes outside of the crest pad building is at 
capacity. 

Design Change Impact Statement 

An options evaluation was made and where spare signal conduit is not available, it was 
decided to pull new I & C cable bundles in with existing cable bundles. Based on electrical 
conduit fill calculations (0600X-CA-E-001) the existing 0.6 m (2-ft) conduit can carry the 
additional bundles. Washington Closure Hanford has decided that the existing cable 
bundles will be pulled out and then back in with the new wires. Weather-proof enclosures 
will be provided to terminate wires where cut in pull boxes. Some sections of duct have 
spare conduits of varying sizes of 0.6 m to 10 cm (2 ft to 4 in.). See electrical layout 
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Drawing Nos. 0600X-DD-E0111 and 0600X-DD-E0112 and raceway and cable schedules 
0600X-DD-E0109 and 0600X-DD-E0110. 

5.3 LEACHATE SUMP LEVEL DATA LOGGER 

The present design for Cells 5 and 6 does not have Sump Level Data Logger capability. 

Design Change Impact Statement 

At each crest pad building for Cells 7-10, a data logger will be added to the trench pump 
control panel. This data logger will digitally log its associated sump primary and secondary 
leachate level (reference Drawing No. 0600X-DD-E0118). 

5.4 CREST PAD LEACHATE FLOW INTERLOCKS 

The present design for Cells 5 and 6 does not have the ability to alarm or shut down the primary 
or secondary pumps when they are called on to run, but do not provide flow. Concerns about a 
broken pump shaft, plugged line, etc., make a design change desirable. 

Design Change Impact Statement 

Two additional outputs from the digital flow indicator, located in the trench control panel, will · 
be utilized when any one of the three sump pumps should be running, but low flow is 
measured. One output will initiate a local pump failure alarm light and the second output 
will turn off the pump (reference Drawing Nos. 0600X-DD-E0118 and 0600X-DD-E0120). 
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BHI, 2004a, ERDF Cells 5 & 6 Construction - Interface Shear Strength and Slope Stability 
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****************************************************************************** 
************************************************************~***************** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

HYDROLOGIC EVALUATION or LANDFILL PERF'ORMANCE 
HELP MODEL VERSION 3 . 07 (1 NOVEMBER 1997) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

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

****************************************************************************** 
************•***************************************************************** 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRAIION DAIA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DAIA fILE: 

C:\HELP3\HANFORD\CN1\PREC31 . D4 
C:\HELP3\HANFORD\CN1\TEMP31 . D7 
C:\HELP3\HANFORD\CN1\RAD31 . D13 
C:\HELP3\HANE'ORD\CN1\HANF'ORD2.D11 
C:\HELP3\HANF'ORD\CN1\15-FLR .D10 
C:\HELP3\HANF'ORD\CNl\15-FLR .oUr 

TIME: 14:30 DArE: 9/28/2007 

********************~********************************************************* 

TITLE: HANFORD FLR: 1.5%,50',12" GRAV@ 0.05 CM/S, GOOD FML, 3'0PS 

***~*****************+***********************************~******************** 

NOTE: INITIAL MOISTURE CONTENT OF lHE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STA1E VALUES BY lHE PROGRAM .. 

LAYER 1 

TYPE l - VERTICAL PERCOLATION LAYER 
MAIERIAL TEXTURE NUMBER 6 

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

F:IPROJECTS\2116\JSIIO=g,Noti« l\l!~p\lS-PU.do< 
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36 . 00 INCHES 
0 .4530 VOL/VOL 
0 .1900 VOL/VOL 
0. 0850 VOL/VOL 
0 . 2266 VOL/VOL 

0 . 720000011000E-03 CM/SEC 
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LAYER 2 

TYPE 2 - LAIERAL DRAINAGE LAYER 
MAIERIAL IEXTORE NUMBER 0 

1HICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WAIER CONTEN~ 
EFFECTIVE SAT . HYD . COND . 
SLOPE 
DRAINAGE LENGTH 

12 .00 INCHES 
0 . 3970 VOL/VOL 
0 . 0320 VOL/VOL 
0 . 0130 VOL/VOL 
0 . 0320 VOL/VOL 

0 .500000007000E-Ol 
1 . 50 PERCENT 

50 . 0 FEET 

LAYER 3 

TYPE 4 - FLEXIBLE MEMBRANE LINER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

MATERIAL TEXIURE NUMBER 35 
0 . 06 INCHES 
0 .. 0000 VOL/VOL 

INITIAL SOIL WATER CONTENT 

0 .0000 VOL/VOL 
0 . 0000 VOL/VOL 
0.0000 VOL/VOL 

CM/SEC 

EFFECTIVE SAT . HYO . COND . 
FML PINHOLE DENSIIY 
FML INSTALLATION DEFECTS 

0.199999996000E-12 CM/SEC 
1 . 00 HOLES/ACRE 
4 . 00 HOLES/ACRE 

FML PLACEMENT QUALITY 3 - GOOD 

LAYER 4 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL 1EXTURE NUMBER 0 

IHICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT . HYD . COND . 
SLOPE 
DRAINAGE LENGTH 

12 . 00 INCHES 
0 . 3970 VOL/VOL 
0 . 0320 VOL/VOL 
0.0130 VOL/VOL 
0 .0320 VOL/VOL 

0 . 500000007000E-01 
1 . 50 PERCENT 

400 . 0 FEET 

LAYER 5 

TYPE 4 - FLEXIBLE MEMBRANE LINER 

f ·\l'ROJECl'S\2116\JSIIChanF Nolie, lllldp\ lS•FU!..doc: 
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MATERIAL TEXTURE NUMBER 35 
THICKNESS 0.06 INCHES 
POROSITY 0.0000 VOL/VOL 
FIELD CAPACITY 0 . 0000 VOL/VOL 
WILTING POINI 0 . 0000 VOL/VOL 
INITIAL SOIL WATER CONTENT 0 . 0000 VOL/VOL 
EHECTIVE SAT .. HYD . COND . 0 .. 199999996000E-12 CM/SEC 
FML PINHOLE DENSITY 1 . 00 HOLES/ACRE 
FML INSTALLATION DEFECTS 4 . 00 HOLES/ACRE 
FML PLACEMENT QUALIIY 3 - GOOD 

LAYER 6 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 16 

THICKNESS 36 . 00 INCHES 
POROSITY 0 . 4270 VOL/VOL 
FIELD CAPACITY . 0.4180 VOL/VOL 
WILTING POINI 0 .3 670 VOL/VOL 
INITIAL SOIL WAIER CONrENT 0 . 42 70 VOL/VOL 
EFFECIIVE SAr HYD . COND .. 0 .. 100000001000£-06 CM/SEC 

GENERAL DESIGN AND EVAPORAIIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED .. 

SCS RUNOFF CURVE NUMBER 89 .50 
FRACTION Of AREA ALLOWING RUNOFF 0 .. 0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE 2 .. 750 ACRES 
EVAPORATIVE ZONE DEP1H 16 .0 INCHES 
INITIAL WATER IN EVAPORArIVE ZONE 4.359 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE 7 . 24 8 INCHES 
LOWER LIMII Of EVAPORATIVE STORAGE 1.360 INCHES 
INITIAL SNOW WATER 0 . 189 INCHES 
INITIAL WATER IN LAYER MATERIALS 24 . 299 INCHES 
TOTAL INITIAL WATER 24 . 488 INCHES 
TOTAL SUBSURFACE INFLOW 0 00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DA1A 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
HANF'ORD WASHINGTON 

STATION LATITUDE 46 55 DEGREES 

F \PROJECTS\2186\lSl\Cl,an .. No•ce l\ll~p\lH'Llldoc: 
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MAXIMUM LEAF AREA INDEX 0.00 
103 
288 

Sheet 4 of8 

START OF GROWING SEASON (JULIAN DATE) 
ENO OF GROWING SEASON (JULIAN DAJE) 
EVAPORAJIVE ZONE DEPIH = 1 6 . 0 INCHES 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

NOTE: PRECIPITATION DATA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE . 

NOTE: TEMPERATURE DATA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE . 

NOIE: SOLAR RADIA1ION DATA FOR HANFORD 
WAS ENIERED FROM AN ASCII DA1A FILE .. 

7 . 60 MPH 
68 .20 % 
43 .30 % 
3 7.10 % 
70 . 10 % 

WASHINGTON 

WASHINGTON 

WASHINGTON 

******************************************~**********~************************* 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006 

JAN/JUL £EB/AUG MAR/SEP APR/OCI MAY/NOV JUN/DEC 

PRECIPITATI ON 

TOTALS 

S1D .. DEVIA1 IONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD . DEVIA'IIONS 

l':\PRO!ECTS\2186\JSJ\O,angc Noo« llll~pltS-ft.k...,_ 

1.01 
0 . 21 

0 .. 63 
0 .. 32 

0 .000 
0 . 000 

0 . 000 
0 . 000 

0 . 476 
0 .. 402 

0 .. 341 
0 .. 351 

0 , 72 
0 .. 16 

0 .. 48 
0 .. 24 

0 .000 
0 . 000 

0 .. 000 
0 ., 000 

0 622 
0 . 264 

0 . 509 
0 . 188 

Design Analysis Variance Report ERDF Cells 7-10 
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0 . 56 
0 . 34 

0 .. 45 
0 .. 33 

0 .000 
0 .000 

0 . 000 
0 .. 000 

1 227 
0 .214 

0. 614 
0 .100 

0 .. 55 
o .. 57 

0 .. 50 
0 . 52 

0 .000 
0 .. 000 

0 . 000 
0 . 000 

0 .. 714 
0 .. 351 

0 .. 395 
0 . 397 

0 .. 53 
0 .89 

0 .34 
0 .63 

0 .. 000 
0 .000 

0.000 
0 .000 

0 . 467 
0 . 429 

0 . 298 
0 .324 

0 .53 
1..24 

0 .42 
0 .. 86 

0 . 000 
o ·.ooo 

0 .000 
0 .. 000 

0 492 
0 506 

0 .337 
0 . 243 
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LATERAL DRAINAGE COLLECIED FROM LAYER 2 

TOTALS 

STD . DEVIATIONS 

0 ., 0609 
0 .. 0049 

0.1821 
0 .0118 

0 .1378 
0 . 0005 

0 .2711 
0 . 0016 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 

Sl O.. DEVIAIIONS 

0 . 0128 
0 .0019 

0 . 0330 
0 . 0043 

0 . 0272 
0 .0003 

0 . 0466 
0 . 0009 

LATERAL DRAINAGE COLLECTED FROM LAYER 4 

TOTALS 

STD . DEVIATIONS 

0 . 0050 
0 . 0153 

0 . 0162 
0 . 0147 

0 . 0131 
0.0066 

0 .0259 
0 . 0060 

PERCOLAIION/LEAKAGE IHROUGH LAYER 6 

TOTALS 

SID DEVIATIONS 

0 ·• 0000 
0 . 0000 

0 .. 0000 
0 . 0000 

0 . 0000 
0 . 0000 

0 .. 0000 
0 .. 0000 

0 3678 
0 . 0008 

0 . 5817 
0 . 0019 

0 .'064 0 
0 .. 0005 

0 . 0884 
0.0010 

0 . 0352 
0 . 0029 

0 . 0548 
0 . 0022 

0 . 0000 
0 .. 0000 

0 . 0000 
0 . 0000 

0 . 2224 
0 . 0012 

0 .. 2771 
0 . 0040 

0 .0494 
0 .0006 

0 .. 0532 
0 . 0018 

0 . 0490 
0 0016 

0 .. 0553 
0 .. 0013 

0 . 0000 
0 . 0000 

0 .. 0000 
0 .. 0000 

0 . 1027 
0 . 0003 

0 .0950 
0 . 0009 

0 . 0288 
0 .0002 

0 . 0252 
0 . 0005 

0 . 0426 
0 .. 0008 

0 .. 0406 
0 .. 0009 

0 ,. 0000 
0 . 0000 

0 .. 0000 
0 .. 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ON TOP Of LAYER 3 
-------------------------------------

AVERAGES 0 . 0231 0 .0569 
0 .. 0018 0 0002 

STD DEVIATIONS 0 . 0691 0 .1108 
0 . 0045 0 . 0006 

DAILY AVERAGE HEAD ON TOP OF LAYER 5 
-------------------------------------

AVERAGES 0 . 0152 0 . 0438 
0 . 0465 0 . 0199 

STD . DEVIATIONS 0 . 0492 0.0868 
0 . 0445 0.0181 

F·\PllOJECTS\ll86\3511Cb'1nllONOlice l\Hclp\15-FUt.doc 
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0 .. 1393 0 . 08 72 0 .. 0390 
0 . 0003 0 . 0005 0 . 0001 

0 . 2199 0 .1086 0 .0360 
0 . 0007 0 . 0015 0 .0004 

0 . 1069 0 . 1536 0 . 1293 
0 . 0089 0 . 0047 0 . 0026 

0 .. 1663 0 . 1734 0 .. 1232 
0 . 0071 0 . 0039 0 . 0029 
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0 . 0398 
0.0143 

0 . 0511 
0 0776 

0 0125 
0 .0028 

0 , 0153 
0 . 0144 

0 . 0282 
0 . 0008 

0 . 0260 
0 . 0023 

0 .. 0000 
0 . 0000 

0 0000 
0 . 0000 

0 . 0156 
0.0054 

0 . 0200 
0 . 0295 

0 . 0884 
0 . 0026 

0 0817 
0 . 0069 
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**T************************* ***************************** ** ******************** 

AVERAGE ANNUAL TOTALS & (STD . DEVIATIONS) f'OR YEARS 1955 THROUGH 2006 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECT ED 
FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH 
LAYER 3 

AVERAGE HEAD ON IOP 
OF LAYER 3 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH 
LAYER 6 

AVERAGE HEAD ON TOP 
OF LAYER 5 

CHANGE IN WATER SIORAGE 

INCHES 

7 . 30 2 . 032) 

0 .000 0 . 0000) 

6 . 165 1 , 5248) 

0 . 95342 1 . 10599) 

0 . 20112 ( 0 . 19797) 

0 . 031 ( 0 . 035) 

0 . 20106 ( 0.20134) 

0 . 00006 ( 0 . 00006) 

0 .052 ( 0 . 052) 

-0 . 019 1 . 4871) 

CU . FEEI 

72869 . 0 

0 . 00 

61538 23 

9517 . 467 

2007 . 697 

2007 . 043 

0.631 

-194 33 

PERCENI 

100 . 00 

0 .. 000 

84 . 450 

13 . 06106 

2 . 75521 

2 . 75431 

0 .. 00087 

-0 . 267 

****** * **** * ******* ** ********* * **** ** *****************************•* ** ********* 
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*************•***********~*************r*****************'******************** 

PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006 

(INCHES) (CU . FT .. ) 

---------- -------------
PRECIPITATION 1 .. 60 15972 .. 000 

RUNOFF 0.000 0 . 0000 

DRAINAGE COLLECTED FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

AVERAGE HEAD ON TOP OF LAYER 3 

MAXIMUM HEAD ON TOP OF LAYER 3 

LOCATION OF MAXIMUM HEAD IN LAYER 2 

0 . 34444 3438 .. 32593 

0 .. 036044 359 . 81049 

3. 752 

4.549 

(DISTANCE FROM DRAIN) 21. 9 FEET 

DRAINAGE COLLECTED FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH LAYER 6 

AVERAGE HEAD ON TOP Of LAYER 5 

MAXIMUM HEAD ON TOP or LAYER 5 

LOCATION OF MAXIMUM HEAD IN LAYER 4 

0 . 00892 89 . 07829 

0 . 000002 0.02348 

(DISTANCE FROM DRAIN) 

SNOW WATER 

MAXIMUM VEG .. SOIL WAIER (VOL/VOL) 

MINIMUM VEG . SOIL WATER (VOL/VOL) 

0 .840 

1. 568 

26 .. 6 FEET 

1 .. 96 19603.2383 

0 . 4530 

0 . 0850 

*** Maximum heads are computed using McEnroe's equations .. *** 

Referen_ce: 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. 

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

l IPROJEClS\2116\lll\Cl,qc Noocc l'Hclp\ll-Fl.R.doc 
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****************************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 2006 

LAYER (INCHES) (VOL/VOL) 
-------- ---------

1 7.7444 0 .. 2151 

2 0 .. 3840 0 .0320 

3 0 .. 0000 0.0000 

4 0 .3841 0 .. 0320 

5 0 . 0000 0.0000 

6 15 . 3720 0 . 4270 

SNOW WATER 0 . 000 

*************** * ************************************************************** 
***************************************~**~*********************************** 

F:\PII.OJECTS\2116\JSl\O.u,1• Notice llllelp\ 15-FUldoc 
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****************************************************************************** 
**~*************************************************************************** 
** 
** 

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

** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3 . 07 (1 NOVEMBER 1997) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

f'OR USEPA RISK REDUCTION ENGINEERING LABORAIORY 

** 
** 
** 

** 
** 
** 
** 
** 

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

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRAIION DATA: 
SOIL AND DESIGN DATA FILE: 
OUIPUI DAIA IILE: 

C:\HELP3\HANFORD\CN1\PREC31 . D4 
C: \HELP3\HANF'ORD\CN1 \TEMP31 .. D7 
C:\HELP3\HANFORD\CN1\RAD31 .. Dl3 
C:\HELP3\HANFORD\CN1\HANFORD2.Dll 
C:\HELP3\HANFORD\CN1\3-FLR .010 
C:\HELP3\HANFORD\CN1\3-FLR . OUI 

TIME: 14: 29 DATE: 9/28/2007 

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

TITLE: HANFORD FLR: 3%,50',12" GRAV@ 0 ., 05 CM/S, GOOD fML, 3'01?S 

*************************************************************~**************** 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY- STATE VALUES BY THE PROGRAM .. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXfURE NUMBER 6 

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

F ll'l<OJBCTS\ltl61351\Cbng, Nolkc 1\Rdp\3-FLR.ola, 

36 . 00 INCHES 
0 . 4530 VOL/VOL 
0 . 1900 VOL/VOL 
0 . 0850 VOL/VOL 
0.2266 VOL/VOL 

0 720000011000E-03 CM/SEC 
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LAYER 2 

TYPE 2 - LAIERAL DRAINAGE LAYER 
MATERIAL IEXTURE NUMBER 0 

THICKNESS 12 . 00 INCHES 
POROSITY 0 . 3970 VOL/VOL 
FIELD CAPAClfY 0 . 0320 VOL/VOL 
WILTING POINT O 0130 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT . HYO COND . 0 .500000007000E-Ol CM/SEC 
SLOPE 3 .00 PERCENT 
DRAINAGE LENGTH 50 0 . FEET 

LAYER 3 

TYPE 4 - FLEXIBLE MEMBRANE LINER 

THICKNESS 
POROSITY 
FIELD CAPACII Y 
WILTING POINT 

MATERIAL 1EXIURE NUMBER 35 
0 . 06 INCHES 
0.0000 VOL/VOL 
0 .. 0000 VOL/VOL 
0 . 0000 VOL/VOL 
0 .0000 VOL/VOL INITIAL SOIL WATER CONTENT 

EFFECTIVE SAT. HYD .. COND 
FML PINHOLE DENSITY 
FML INSTALLA1ION DEFECTS 
FML PLACEMENT QUALITY . 

0 . 199999996000E-12 CM/SEC 
1 .. 00 HOLES/ACRE 
4 . '00 HOLES/ACRE 

3 - GOOD 

LAYER 4 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL IEXTURE NUMBER 0 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFEC1IVE SAT . HYO . COND. 
SLOPE 
DRAINAGE LENGTH 

12 .00 INCHES 
0.3970 VOL/VOL 
0 . 0320 VOL/VOL 
0 . 0130 VOL/VOL 
0 .0320 VOL/VOL 

0 .500000007000E-01 
3.00 PERCENT 

200 . 0 FEET 

LAYER 5 

TYPE 4 - FLEXIBLE MEMBRANE LINER 

F·\'PR0JECTS\2116\35 l\Onnge Noti: tc J\Belp\J -JlJldoc-
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MATERIAL TEXTURE NUMBER 35 
THICKNESS 0 . 06 INCHES 
POROSITY 0 .0000 VOL/VOL 
FIELD CAPACITY 0 . 0000 VOL/VOL 
WILTING POINI O .. 0000 VOL/VOL 
INITIAL SOIL WATER CONTENT O .. 0000 VOL/VOL 
EFFECTIVE SAT . HYO . COND . 0 . 199999996000E-12 CM/SEC 
FML PINHOLE DENSITY 1 .00 HOLES/ACRE 
FML INSTALLATION DEFECTS 4.00 HOLES/ACRE 
FML PLACEMENT QUALI'IY 3 - GOOD 

LAYER 6 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 16 

T.ijICKNESS 36 .00 INCHES 
POROSITY 0 . 4270 VOL/VOL 
FIELD CAPACITY 0 . 4180 VOL/VOL 
WILTING POIN'I 0 . 3670 VOL/VOL 
INITIAL SOIL WAIER CONTENT 0 .. 4270 VOL/VOL 
EFF ECIIVE SAT . HYO . COND . 0 . lOOOOOOOlOOOE-06 CM/SEC 

GENERAL DESIGN AND EVAPORAIIVE ZONE DATA 

NOTE: SCS RUNOH CURVE NUMBER WAS USER-SPECIFIED .. 

SCS RUNOFF CURVE NUMBER 89 . 50 
FRACTION OF AREA ALLOWING RUNOH 0.0 PERCENT 
AREA PROJECTED ON HORIZON'IAL PLANE 2 . 620 ACRES 
EVAPORATIVE ZONE DEPIH 16 .0 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE 4.359 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE 7 . 248 INCHES 
LOWER LIMIT OF EVAPORATIVE STORAGE 1 . 360 INCHES 
INITIAL SNOW WATER 0 .1 89 INCHES 
INITIAL WATER IN LAYER MATERIALS 24 .299 INCHES 
'IO'IAL INITIAL WATER 24 .488 INCHES 
TOTAL SUBSURFACE INFLOW 0 . 00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
HANFORD WASHINGTON 

STATION LATITUDE 4 6 ., 55 DEGREES 

f"\PRO/ECl'S\2116\lS\\Changc Notice 1\Hdp\3-l'Uldoc 
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MAXIMUM LEAF AREA INDEX 
STAR'! or GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DA'IE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDirY 
AVERAGE 2ND QUARIER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4rH QUARTER RELATIVE HUMIDITY 

NOTE: PRECIPITA'IION DA'IA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE .. 

NOTE: TEMPERATURE DATA FOR HANF'ORD 
WAS ENTERED FROM AN ASCII DAIA FILE . 

NOTE: SOLAR RADIATION DATA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA .FILE. 

Sheet4 of8 

0,00 
103 
288 

16 . 0 INCHES 
7 .. 60 _MPH 

68 20 % 
43.30 % 
3 7 .10 % 
70 .10 % 

WASHINGTON 

WASHINGTON 

WASHING ION 

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

AVERAGE MONTHLY VALUES I N INCHES FOR YEARS 1955 THROUGH 2006 

-------------------------------------------------------------------------------
JAN/JUL FEB/AUG 
------- -------

PRECIPITATION 
-------------

TOTALS 1.01 0. 72 
0.21 0 . 16 

STD . DEVIA'IIONS 0.63 0.48 
0 . 32 0 . 24 

RUNOFF 

TOTALS 0 . 000 0 .. 000 
0 . 000 0 .. 000 

STD . DEVIATIONS 0 .000 0 . 000 
0.000 0 . 000 

EVAPOTRANSPIRATION 

------------------
TOTALS 0 476 0 .. 622 

0 402 0 . 264 

STD . DEVIATIONS 0.341 0.509 
0 .. 351 0 .188 

F:IPROJErn\2116US110>.nsc Notice l\llclpU•Fl.Jldo< 
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MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- -------

0 . 56 0 . 55 0.53 0 . 53 
0 . 34 0 , 57 O. B9 1.24 

0 .45 0 . 50 0.34 0 .. 42 
0.33 0.52 0 . 63 0 . 86 

0 . 000 0 . 000 0 . 000 0 .. 000 
0 .000 0 . 000 0 000 0 .. 000 

0 .. 000 0 .. 000 0 000 0 .. 000 
0 .. 000 0 . 000 0 . 000 0 .. 000 

1 .227 0 . 714 0 .. 467 0 . 492 
0 .. 214 0 . 351 0 . 429 0 . 506 

0 .. 614 0 . 395 0 . 298 0 .. 33 7 
0 . 100 0 . 397 0 . 324 0 .. 243 
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LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 

SID, DEVIATIONS 

0 . 0688 
0 0047 

0 .2042 
0 .. 0129 

0 . 1646 
0 . 0006 

0 3442 
0 . 0020 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 

STD .. DEVIATIONS 

0 . 0083 
0 . 0010 

0 .0209 
0 .0026 

0 ,0180 
0 . 0002 

0 .. 0312 
0 . 0006 

LATERAL DRAINAGE COLLECTED FROM LAYER 4 

IOIALS 

STD .. DEVIATIONS 

0 . 0063 
0 .0024 

0.0175 
0 . 0036 

0 . 0138 
0 .0003 

0 .. 0246 
0 . 0007 

PERCOLATION/LEAKAGE THROUGH LAYER 6 

TOTALS 

SID . DEVIATIONS 

0 .0000 
0 .0000 

0 . 0000 
0 .. 0000 

0 . 0000 
0 .0000 

0.0000 
0 .. 0000 

0 . 3949 
0 . 0010 

0 . 5994 
0 .. 0023 

0 .. 0396 
0 . 0003 

0 .. 0526 
0 .0006 

0 . 0348 
0 .. 0003 

0 0514 
0 . 0006 

0 . 0000 
0 0000 

0.0000 
0 . 0000 

0 .2257 
0 . 0014 

0 . 2678 
0 .. 0047 

0 .0296 
0 . 0004 

0 0307 
0 ,0012 

0 . 0342 
0 . 0004 

0 . 0387 
0 . 0010 

0 . 0000 
0 .. 0000 

0 .0000 
0 . 0000 

0 .. 1087 
0 .. 0003 

0 . 0998 
0.0010 

0 .0177 
0 . 0001 

0 .. 0155 
0 . 0003 

0 . 0209 
0 . 0002 

0 . 0185 
0 . 0004 

0 . 0000 
0 .. 0000 

0 . 0000 
0 . 0000 

AVERAGES Of MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ON TOP OF LAYER 3 
-------------------------------------

AVERAGES 0 . 0131 0 .0344 0 .. 0750 0 .0443 0 .. 0206 
0 . 0009 0 . 0001 0 . 0002 0 .0003 0.0001 

STD . DEVIAIIONS 0 0388 0 .. 0723 0 . 1138 0 .. 0525 0 .. 0189 
0 0024 0 .. 0004 0 . 0004 0 .. 0009 0 .0002 

DAILY AVERAGE HEAD ON 'IOP OF LAYER 5 

-------------------------------------
AVERAGES 0 . 0048 0. 0115 0.0264 0 .0268 0 .. 0159 

0 . 0018 0 . 0002 0 . 0002 0 .0003 0 . 0001 

STD . DEVIATIONS · 0 . 0133 0 .. 0207 0 .. 0391 0 . 0303 0 . 0140 
0.0028 0 . 0005 0 .. 0005 0 . 0008 0 . 0003 

WCH-195 
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0 . 0414 
0 , 01 77 

0 . 0546 
0 . 0960 

0 ,0075 
0 . 0020 

0 .. 0095 
0 . 0100 

0 , 0102 
0 .. 0010 

0 . 0110 
0 . 0048 

0 . 0000 
0 . 0000 

0 . 0000 
0 0000 

0 .0081 
0 . 0034 

0 . 0107 
0 . 0182 

0.0080 
0.0007 

0 .. 0086 
0 . 0036 

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

AVERAGE ANNUAL TOTALS & (STD .. DEVIATIONS) FOR YEARS 1955 THROUGH 2006 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH 
LAYER 3 

AVERAGE HEAD ON TOP 
OF LAYER 3 

LATERAL DRAINAGE COLLECIED 
FROM LAYER 4 

PERCOLAIION/LEAKAGE 1 HROUGH 
LAYER 6 

AVERAGE HEAD ON TOP 
OF LAYER 5 

CHANGE IN WATER STORAGE 

INCHES 

7 . 30 2 .. 032) 

0 . 000 0 . 0000) 

6. 1 65 1 .5248) 

1 . 02978 1 .17751) 

0 . 12476 I D. 1211 8) 

0 . 017 ( 0 . 019) 

0 . 12474 ( 0 . 12235) 

0 .00001 ( 0 . 00001) 

0 . 008 ( 0 . 008) 

-0 019 1 . 4662) 

CU . FEET 

69424 . 3 

0 . 00 

58629 .14 

9793 .. 829 

1186 .. 508 

1186 .. 388 

0 .. 121 · 

-185 .. 17 

PERCENT 

100 .. 00 

0 ODO 

84.450 

14 . 10720 

1 . 70907 

1 . 708B9 

0 .. 00011 

-0 . 267 

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

PEAK DAILY VALUES F'OR YEARS 1955 'IHROUGH 2006 

(INCHES) (CU . FT . ) 

15216 .. 960 

0 . 0000 

4741.11719 

281.30200 

PRECIPITATION 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 2 

PERCOLATION/LEAKAGE 'IHROUGH LAYER 3 

AVERAGE HEAD ON TOP OF LAYER 3 

MAXIMUM HEAD ON TOP OF LAYER 3 

LOCATION OF MAXIMUM HEAD IN LAYER 2 
(DIS'IANCE FROM DRAIN) 

1 .. 60 

0 000 

0 .49851 

0 . 029578 

2.934 

4 .. 121 

DRAINAGE COLLECTED FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH LAYER 6 

AVERAGE HEAD ON TOP OF LAYER 5 

MAXIMUM HEAD ON IOP OF LAYER 5 

LOCATION OF MAXIMUM HEAD IN LAYER 4 

14. 9 FEEI 

0 . 01159 

0 .. 000001 

0 . 273 

0 . 530 

110 . 25708 

0 . 00809 

(DIS'I ANCE f ROM DRAIN} 

SNOW WATER 

5 .. 7 fEEf 

L96 18676 . 5391 

MAXIMUM VEG .. SOIL WATER (VOL/VOL) 

MINIMUM VEG . SOIL WATER {VOL/VOL) 

0 . 4530 

0.0850 

*** Maximum heads are computed using McEnz:oe' s equations .. 

Reference: Max imum Saturated Depth over Landfill Li ne?: 
by Bru ce M. McEnroe, Universi·ty of Kansas 
ASCE Journal of Environmental Engineering 
Vol . 119, No . 2, March 1993, pp . 262-270 . 

*** 

**** * *****•******** ** **** ************************************************ * **** 

F·IPROIECTS\2186\35 1\Cbange Noliee J\llelplrf!Jldoc 
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**~*************************************************************************** 

EINAL WATER STORAGE Al END OF YEAR 2006 

LAYER (INCHES) (VOL/VOL) 
-------- ---------

1 7 . 7444 0 .. 2151 

2 0 . 3840 O '' 0320 

3 0 . 0000 0 . 0000 

4 0 . 3840 0 .. 0320 

5 0 .. 0000 0 . 0000 

6 15 .. 3720 0 .4270 

SNOW WATER 0 , 000 

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

F·IPROll!CTS\2116\l51\ChangeNotloo l\lldp\l-FUl.d0< 
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************************************************************** **************** 
****************************************************************************** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3 .07 (1 NOVEMBER 1997) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMEN1 SfATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

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

** 
** 

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

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOI RANSPIRATION DArA: 
SOIL AND DESIGN DATA FILE: 
our~ur DATA FILE: 

C:\HELP3\HANF'ORD\CN1\PREC31 . D4 
C:\HELP3\HANfORD\CN1\TEMP31 . D7 
C:\HELP3\HANFORD\CN1\RAD31.D13 
C:\HELP3\HANF'ORD\CN1\HANFORD2 . Dll 
C:\HELP3\HANFORD\CN1\ss-open . D10 
C:\HELP3\HANFORD\CN1\SS-OPEN . OUT 

TIME : 14:35 DATE: 9/28/2007 

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

TITLE: HANFORD OPEN SIDESLOPE - 33%,255',GEOCOMP,3' OPS,GOOD FML 

*********** * ******************* * ***************+****************************** 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WAfER WERE 
COMPUfED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM ., 

LAYER l 

TYPE 1 - VERTICAL PERCOLAfION LAYER 
MAfERIAL TEXTURE NUMBER 6 

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

F:\l'ltOll!CTS\2186\351\C~a,,ge Noei" 1\llolp'&S•OPEN doo 

Design Analysis Variance Report ERDF Cells 7-10 
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36 .. 00 INCHES 
0 .. 4530 VOL/VOL 
0 .. 1900 VOL/VOL 
0 . 0850 VOL/VOL 
0.2189 VOL/VOL 

0 . 720000011000E-03 CM/SEC 
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(9C'fVI .,.. 
LAYER 2 0' 

TY:;:;T~R;ALLA;;;~~~::::~GE ✓ 
THICKNESS O .. 5 INCHES 
POROSITY 8500 VOL/VOL 
FIELD CAPACITY 0 . 0100 VOL/VOL 
WILTING POINI O .. 0050 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 .. 0101 VOL/VOL 
EFFECTIVE SAT . HYO . COND .. 33 . 0000000000 CM/SEC 
SLOPE 33 . 00 PERCENT 
DRAINAGE LENGTH 255 . 0 FEET 

LAYER 3 

TYPE 4 - FLEXIBLE MEMBRANE LINER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

MATERIAL TEXTURE NUMBER 35 
0 . 06 INCHES 
0 .. 0000 VOL/VOL 

INITIAL SOIL WATER CONTENT 

0.0000 VOL/VOL 
0 . 0000 VOL/VOL 
0.0000 VOL/VOL 

EFFECTIVE SAT .. HYO . COND . 
FML PINHOLE DENSITY 
FML INSTALLATION DEFECIS 
FML PLACEMENT QUALI1Y 

0 .199999996000E-12 CM/SEC 
1 . 00 HOLES/ACRE 
4 . 00 HOLES/ACRE 

3 - GOOD 

LAYER 4 

THICKNESS 
POROSITY 

TYPE 2 - LATERAL DRAINA~E LA R 
MATERIAL TEXTURE NUMBE 4 

= . 5 INCHES 

FIELD CAPACITY 
WILTING POINT 
INIIIAL SOIL WATER CONTENT -
EFFECTIVE SAT . HYO . COND . 
SLOPE 
DRAINAGE LENGTH 

LAYER 5 

0 . 8500 VOL/VOL 
0.0100 VOL/VOL 
0 .0050 VOL/VOL 
0.0100 VOL/VOL 

33 . 0000000000 
33 . 00 PERCENT 

255 .0 FEET 

TYPE 4 - FLEXIBLE MEMBRANE LINER 

F:IPkO/ECTS'\ll86\lSIIO>"'P Noli~ llllclp\$$-OPEN.doo 

Design Analysis Variance Report ERDF Cells 7-10 
October 2007 

CM/SEC 

o.z.S 
,r 
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MATERIAL TEXTURE NUMBER 35 
THICKNESS 0 . 06 INCHES 
POROSITY 0 . 0000 VOL/VOL 
HELD CAPACITY O .0000 VOL/VOL 
WILTING POINI 0_. 0000 VOL/VOL 
INITIAL SOI L WATER CONTENT 0 . 0000 VOL/VOL 
EFFECIIVE SAT . HYD, COND . 0 .. 199999996000E-12 CM/SEC 
fML PINHOLE DENSITY 1 . 00 HOLES/ACRE 
FML INSTALLATION DEFECTS 4 . 00 HOLES/ACRE 
fML PLACEMENT QUALIIY m 3 - GOOD 

LAYER 6 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 16 

THICKNESS 36 .. 00 INCHES 
POROSITY 0 .. 4270 VOL/VOL 
FIELD CAPAC I TY 0 .4180 VOL/VOL 
WI LTING POINT 0 .3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 . 4270 VOL/VOL 
EFFECTI VE SAT . HYD COND O .. lOOOOOOOlOOOE- 06 CM/SEC 

GENERAL DESIGN AND EVAPORAUVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEF~ULT 
SOIL DAIA BASE USING SOIL TEXTURE J 6 WITH BARE 
GROUND CONDITIONS, A SUR FACE SLOPE OF 33.% AND 
A SLOPE LENGTH OF 281 . FEET .. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMil OF EVAPORATIVE STORAGE 
LOWER LIMIT Of EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE IN FLOW 

86 . 80 
0 .0 
3.000 

16 ,. 0 
4.014 
7 . 248 
1 . 360 
0.189 

23 .262 
23.451 

0 . 00 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 

f :\PROIECTS\2116\l~J\Olange Nolia, l\lldp\SS-Ol'EN do< 
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PERCENl 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 
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HANFORD 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 

WASHI NGTON 

START OF GROWING SEASON (JULI AN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELAT I VE HUMIDITY 
AVERAGE 2ND QUARIER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIOIIY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

NOTE: PRECI PITATION DATA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE . 

NOI E : TEMPERATURE DATA FOR HANFORD 
WAS ENTERED ·FROM AN ASCII DATA FILE . 

NOTE: SOLAR RADIATION DATA FOR HANFORD 
WJ\S ENTERED FROM AN ASCII DATA FILE .. 

46 . 55 DEGREES 
0 . 00 
103 
288 

16 . 0 INCHES 
7 60 MPH 

68 20 % 
43 . 30 % 
37 .. 10 % 
70 .10 % 

Sheet4 of8 

WASHINGTON 

WASHINGTON 

WASHINGTON 

************ ***************** * ******+** * *************************************** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006 

-------------------------------------------------------------------------------
JAN/JUL FEB/AUG 
------- -------

PRECIPITATION 

-------------
TOTALS 1..01 0 .. 72 

0 . 21 0 .. 1 6. 

STD . DEVIATIONS 0 . 63 0 . 48 
0 . 32 0 . 24 

RUNOFF 

TOTALS 0 , 000 0 . 000 
0 . 000 0 . 000 

STD . DEVIATIONS 0 . 000 0 . 000 
0 . 000 0.000 

EVAPOTRANSPIRATION 

------------------
TOTALS 0 ,, 486 0 . 629 

0 . 344 0 .2 40 

F:\PIIOJECTS\2116\lSIIO"'I!• Nooe. l\lldp\Ss-OPEN doc 
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MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- -------- ------- -------

0 .56 0 . 55 0 . 53 0 . 53 
0 . 34 0 . 57 0 .. 89 L24 

0 . 45 0 . 50 0 . 34 0 . 42 
0 . 33 0 .52 0 . 63 0 .86 

0 . 000 0 . 000 0 . 000 0 . 000 
0 . 000 0 . 000 0 . 000 0 . 000 

0 . 000 0.000 0 . 000 0 .000 
0 . 000 0 . 000 0 .000 0 000 

1 .204 0 . 692 0 . 450 0 . 446 
0 . 196 0 . 321 0 . 430 0 . 503 
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S'ID .. DEVIATIONS 0 .338 
0 . 349 

0 .. 492 
0.194 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 

STD .. DEVIATIONS 

0 .0860 
0 . 0433 

0 .1275 
0 . 0432 

0 .1811 
0 . 0305 

0 . 4189 
0 0409 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

roIALS 

STD . DEV IA I IONS 

0 . 0052 
0 . 0040 

0 .0053 
0 .0035 

0 .0061 
0 . 0031 

0 . 0076 
0 . 0033 

LATERAL DRAINAGE COLLECTED FROM LAYER 4 

TOTALS 

STD .. DEVIATIONS 

0 .0052 
0 . 0040 

0 . 0053 
0 .0035 

0 . 0061 
0 . 003 1 

0 .. 0076 
0 . 0033 

PERCOLATION/LEAKAGE THROUGH LAYER 6 

TOTALS 

STD . DEVIATIONS 

0 .. 0000 
0.0000 

0 .. 0000 
0 .. 0000 

0 . 0000 
0 . 0000 

0 . 0000 
0 . 0000 

0 .. 60B 
0 .. 118 

0 . 3734 
0.0315 

0.5356 
0 . 0339 

0 . 385 
0 . 405 

0 . 2232 
0 . 0369 

0 . 2602 
0 . 0328 

0 .. 0108 0 .0104 
0 . 0032 0 . 0038 

0 . 0111 . 0 . 0084 
0 . 0029 0 .0029 

0 .. 0108 
0 .. 0032 

0 .. 0111 
0 .. 0029 

0 .0104 
0 . 0038 

0 . 0084 
0 . 0029 

0 . 0000 0 . 0000 
o·. 0000 o . 0000 

0 . 0000 0 . 0000 
0 . 0000 0 . 0000 

0 . 308 
0 . 33B 

0 1229 
0 . 04 31 

0 .. 0973 
0 .. 0382 

0 . 0085 
0 0042 

0 . 0054 
0 . 0033 

0 . 0085 
0 . 0042 

0.0054 
0 . 0033 

0 . 0000 
0 .. 0000 

0 . 0000 
0 . 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ON TOP OF LAYER 3 
-------------------------------------

AVERAGES 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 

STD . DEVIATI ONS 0 . 0000 0 .0001 
0 . 0000 0.0000 

DAILY AVERAGE HEAD ON TOP OF LAYER 5 
-------------------------------------

AVERAGES 0 . 0000 0 .. 0000 
0 . 0000 0.0000 

STD .. DEVIATIONS 0 . 0000 0 .. 0000 
0 .0000 0 .. 0000 

~-IPROJECTS\2116\JSl\01111• Notiee 1\Hd~·OPEN doc 
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0 . 0001 0 ., 0001 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 

0 . 0001 0 . 0001 0 . 0000 
0 .. 0000 0 .0000 0 . 0000 

0 . 0001 0 . 0001 0 . 0000 
0 . 0000 0 . 0000 0 .. 0000 

0 . 0001 0.0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 

WCH-195 
Rev. a 
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0 272 
0 237 

0 . 0717 
0 , 0697 

0 . 0594 
0 . 1087 

0 .. 0060 
0 .0049 

0 . 0042 
0 . 0045 

0 . 0060 
0 . 0049 

0 . 0042 
0 ., 004 5 

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

******~*****************************************~****************************** 

AVERAGE ANNUAL TOTALS & (STD DEVIAIIONS) F'OR YEARS 1955 THROUGH 2006 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LA'IERAL DRAINAGE COLLECTED 
FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH 
LAYER 3 

AVERAGE HEAD ON TOP 
OF LAYER 3 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLA'IION/LEAKAGE THROUGH 
LAYER 6 

AVERAGE HEAD ON IOP 
OF LAYER 5 

CHANGE IN WATER STORAGE 

INCHES 

7 . 30 

0 . 000 

5 . 939 

1.31319 

2 . 032) 

0 . 0000) 

1.5185) 

1 . 20765) 

0 . 07019 ( 0 . 03864) 

0 . 000 ( 0 . 000) 

0 . 07018 ( 0 . 03064) 

0 .00000 ( 0 . 00000) 

0 .. 000 ( 0 . 000) 

-0.023 1.4326) 

CU . FEE'! 

79493 . 5 

0.00 

64674 . 70 

14300 . 664 

764 . 315 

7G4 . 314 

0 . 000 

-246 . 20 

PERCENT 

100 . 00 

0 . 000 

81 .358 

17 . 98973 

0 96148 

0 . 96148 

0 . 00000 

-0 310 

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

F·\l'ROJECTS\2136\JSI\Chanac Nob« lllldp\SS-OPEN do< 
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*************************************** *************************************** 

PEAK DAILY VALUES FOR YEARS 19SS ·THROUGH 2006 

(INCHES) (CU. F'I . ) 

---------- -------------
PRECI PIIATION 

RUNOFF 

1 . 60 

0 . 000 

17424 . 000 

0.0000 

DRAINAGE COLLECTED FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

AVERAGE HEAD ON TOP OF LAYER 3 

MAXIMUM HEAD ON IOP or LAYER 3 

LOCATION OF MAXIMUM HEAD IN LAYER 2 

0 . 70029 7626 . 13477 

0 .. 004489 48.88398 

0 . 005 

0 .006 

(DISTANCE FROM DRAIN) 0 . 0 FEET . 

DRAINAGE COLLECTED FROM LAYER 4 

PERCOLATION/LEAKAGE IHROUGH LAYER 6 

~VEMGE HE~D ON TOP OF LAYER 5 

0 .00449 48 . 88398 

0 . 000000 0 .. 00000 

MAXIMUM HEAD ON TOP OE LAYER 5 

LOCATI ON OF MAXIMUM HEAD IN LAYER 4 
(DISTANCE EROM DRAIN) 

0 .. 001 

0 ,. 000 

SNOW WATER 

0 . 0 FEET 

1 . 96 21385 . 3496 

MAXIMUM VEG .. SOIL WATER (VOL/VOL) 

MINIMUM VEG . SOIL WATER (VOL/VOL) 

0.4530 

0.0850 

*** 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 . 

*** 

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

F:IJ'ROJl!CISQll6\3SI\Ch""'e Notice llllelp~-OPEN d.x 
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***w*************** ****w*** ******* ******************************************** 

FINAL WATER STORAGE AI END OE YEAR 2006 

LAYER (INCHES ) (VOL/VOL) 
-------- ---------

1 7 .3686 0. 204 7 

2 0 . 0050 0 .0100 

3 0 . 0000 0 . 0000 

4 0 .0050 0. 0100 

5 0.0000 0 . 0000 

6 15 3720 0 . 4270 

SNOli'I WAIER 0 .. 000 

**********************************~******************************************* 
****************************************************************************** 

F:\l'ROJ'ECTS\2116\J51\Q,angc Noli« 1\Hdp\SS-OPl;N dee 
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***~************************************************************************** 
****************************************************************************** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3 .07 (1 NOVEMBER 1997) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STAlION 

FOR USEPA RISK REDUCfION ENGINEERING LABORATORY 

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

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

PRECIPITAlION DATA FILE: 
TEMPERA1URE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATlON DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

C:\HELP3\HANFORD\CN1\PREC31 . D4 
C:\HELP3\HANFORD\CN1\TEMP31 . D7 
C:\HELP3\HANFORD\CN1\RAD31 . Dl3 
C: \HELP3\HANFORD\CN1 \HANFORD2 .. 011 
C: \HELP3\HANFORD\CN1 \lSFLR-10 .. 010 
C:\HELP3\HANEORD\CN1\15FLR-10 .. 0UT 

1IME: 14:30 DAlE: 9/28/2007 

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

TITLE: HF FLR: 1 . 5%,50',12"GRAV@0 .. 05 CM/S,GOOD FML,3'0PS,10'WASIE 

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

NOTE: INIIIAL MOISTURE CONfENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM . 

LAYER 1 

TYPE l - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 6 

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

F\l'ROJECTS\211613S J\Cllanao Noric:< l\llclplllfllt-10 do< 
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12 . 00 INCHES 
0 . 4530 VOL/VOL 
0 . 1900 VOL/VOL 
0.0850 VOL/VOL 
0;3361 VOL/VOL 

0 . 720000011000E-03 CM/SEC 
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LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 5 

THICKNESS 120 . 00 INCHES 
POROSITY 0.4570 VOL/VOL 
FIELD CAPACITY 0 .1310 VOL/VOL 
WILIING POINT = 0.0580 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.1288 VOL/VOL 
EfFECTIVE SAT . HYD . CONO . 0 . lOOOOOOOSOOOE-02 CM/SEC 

LAYER 3 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 6 

THI CKNESS 36 . 00 INCHES 
POROSITY 0 .4530 VOL/VOL 
FIELD CAPACITY 0 .. 1900 VOL/VOL 
WILTING POINT 0 . 0850 VOL/VOL 
INITIAL SOIL WATER CONTENT 0 . 1900 VOL/VOL 
EEE ECIIVE SAT . HYO COND .. 0 720000011000E-03 CM/SEC 

LAYER 4 

TYPE 2 - LAIERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS 12 00 INCHES 
POROSITY 0 .3970 VOL/VOL 
FIELD CAPACITY O .. 0320 VOL/VOL 
WILTING POINT 0 .0130 VOL/VOL 
INITIAL SOIL WATER CON1EN'l O .. 0320 VOL/VOL 
EFFECTIVE SAT .. HYO . COND. - 0 . 50000D007000E-Ol CM/SEC 
SLOPE 1.50 PERCENT 
DRAINAGE LENG1 H 50 .. 0 FEET 

LAYER 5 

'lYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

F\PROJECTS\2116\JS I\Changc Notice l\Help\J SFUt~IO doc 
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0 . 06 INCHES 
0.0000 VOL/VOL 
0 . 0000 VOL/VOL 
0 . 0000 VOL/VOL 
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INITIAL SO I L WATER CONTENT 
EFFECrIVE SAT . HYO . COND. 
FML PINHOLE DENSI'IY 
FML INSTALLATION DEFECTS 
F'ML PLACEMEN'l QUALITY 

0 .. 0000 VOL/VOL 
0 .199999996000E-12 CM/SEC 

1 00 HOLES/ACRE 
4.00 HOLES/ACRE 

3 - GOOD 

LAYER 6 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXI URE NUMBER 0 

'IHICKNESS 12 . 00 INCHES 
POROSITY 0 .. 3970 VOL/VOL 
FIELD CAPACITY 0 .. 0320 VOL/VOL 
WILTING POINI 0 .. 0130 VOL/VOL 
INITIAL SOIL WATER CONTENT 0 . 0320 VOL/VOL 
EFFEC'IIVE SAT . HYO . COND 0 .500000007000E-01 CM/SEC 
SLOPE 1.50 PERCENT 
DRAINAGE LENGTH 400 .. 0 FEET 

LAYER 7 

'IYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL 'IEXIURE NUMBER 35 

IHICKNESS 0 . 06 INCHES 
POROSITY 0.0000 VOL/VOL 
FIELD CAPACITY 0 . 0000 VOL/VOL 
WILTING POINI 0 . 0000 VOL/VOL 
INITIAL SOIL WATER CONTENI 0 . 0000 VOL/VOL 
EFFECTIVE SAT . HYO . COND . 0 . 199999996000E-12 CM/SEC 
FML PINHOLE DENSITY 1 . 00 HOLES/ACRE 
FML INSTALLATION DEFECTS 4 .. 0 0 HOLES/ACRE 
FML PLACEMENT QUALIIY 3 - GOOD 

LAYER 8 

TYPE 3 - BARRIER SOIL LINER 
MArERIAL TEXTURE NUMBER 16 

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

F \PROJECTS\lt!6\JS1\Ch:lnae Notice I \Hclp\lSfI..k .. 10 doc 
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36. 00 INCHES 
0 . 4270 VOL/VOL 
0 .. 4180 VOL/VOL 
0 .3670 VOL/VOL 
0 . 4270 VOL/VOL 

O .. lOOOOOOOlOOOE-06 CM/Sl!:C 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE; SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED . 

SCS RUNOFF CURVE NUMBER 89 . 50 
fRACTION OF AREA ALLOWING RUNOFF 0 . 0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE 2 . 750 ACRES 
EVAPORATIVE ZONE DEPTH 16 . 0 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE 4 .. 284 INCHES 
UPPER LIMIT OF EVAPORATIVE SIORAGE 7 . 264 INCHES 
LOWER LIMIT OF EVAPORAIIVE STORAGE 1 . 252 INCHES 
INITIAL SNOW WATER 0 .189 INCHES 
INITIAL WATER IN LAYER MATERIALS 42.466 INCHES 
TOTAL INI IIAL WATER 42 .. 655 INCHES 
TOTAL SUBSURFACE INFLOW 0 .00 INCHES/YEAR 

EVAPOIRANSPIRATION AND WEATHER DATA 

NOTE! EVAPOTRANSPIRA1ION DATA WAS OBTAINED FROM 
HANFORD WASHINGTON 

STATION LATITUDE 
MAXIMUM -LEAF AREA I NDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORAIIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUAR I ER RELATIVE HUMIDITY 
AVERAGE 3RD QOARIER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

NOTE: PRECIPITATION DAIA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE .. 

NOTE: TEMPERATURE DATA FOR HANFORD 
WAS ENTERED FROM AN ASCII DArA FILE . 

NOTE: SOLAR RADIATION DATA F'OR HANF'ORD 
WAS ENTERED FROM AN ASCII DATA FILE . 

F:\Pltomcrs\ll86\35 !\0i:ingc Notice 1\Hdp\lSTI.R.-10 dee 
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46 .. 55 DEGREES 
0.00 
103 
288 

16 .. 0 
7 . 60 

68.20 
43 . 30 
37 . 10 
70 . 10 

INCHES 
MPH 
% 
% 
% 
% 

WASHINGTON 

WASHINGTON 

WASHINGTON 
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*********************************~********************************************* 

AVERAGE MONIHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006 

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

PRECil;'ITATION 

TOTALS 

STD . OEVIATIONS 

RUNOFF 

'IOIALS 

STD . DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD . DEVIATIONS 

1 .. 01 
0 .. 21 

0 . 63 
0 . 32 

0 . 000 
0 . 000 

0 . 000 
0 . 000 

0 .. 484 
0 .. 361 

0 . 336 
0 .299 

0 . 72 
0.16 

0 .. 48 
0 .24 

0 . 000 
0 . 000 

0 000 
0 .. 000 

0 . 603 
0.211 

0 .. 489 
0 .. 186 

LATERAL DRAINAGE COLLECTED FROM LAYER 4 

TOTALS 

STD. DEVIATIONS 

0 . 0599 
0 . 0662 

0.0521 
0 .. 1056 

0 . 0575 
o .. 0553 

0 . 0499 
0 . 0870 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

'IOIALS 

STD.. DEVIATIONS 

0 .0204 
0.0205 

0 .. 0138 
o .. 0229 

0 . 0194 
0 . 0177 

0 . 0129 
0. 0202 

LATERAL DRAINAGE COLLECTED FROM LAYER 6 

TOTALS 

STD . DEVIATIONS 

0 . 0198 
0 . 0236 

o. 014 7 
0 . 0227 

0 . 0187 
0 .. 0205 

0,0128 
0 .. 0216 

PERCOLArION/LEAKAGE 'IHROUGH LAYER 8 

F·\l>ROJECTS\2186\JS I\Ch..,,gc Notice 1\Hdp\l~FUt-10.doc 
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0 .. 56 
0 .. 34 

0 .45 
0 . 33 

0 .. 000 
0 .. 000 

0 . 000 
0 . 000 

1 . 210 
0 . 201 

0.601 
0 .101 

0 . 0625 
0.0544 

o .. 0453 
0.0697 

0 . 0214 
0 .. 0101 

0 . 0122 
0 .. 0168 

0 . 0209 
0.0185 

0.0132 
0.0189 

0 55 
0.57 

0 .. 50 
0 . 52 

0 . 000 
0.000 

0 . 000 
0 000 

0.684 
0 . 357 

0 393 
0.397 

0 . 0584 
0 .0605 

0 .. 0365 
0 .. 0650 

0 .0202 
0.0202 

0 .. 0103 
0 .. 0160 

0 .0204 
0 .. 0194 

0 .. 0113 
0 . 0172 

0 . 53 
0 . 89 

0 .. 34 
0 . 63 

0 . 000 
0 .. 000 

0.000 
0.000 

0 . 4 63 
0 .112 

0.300 
0 .. 328 

0 0879 
0.0599 

0 .1357 
0 . 0604 

0.0262 
0 . 0200 

0 .. 0265 
0 .. 0153 

0 . 0227 
0 . 0194 

0 . 0140 
0 . 0154 

0 . 53 
1.24 

0 . 42 
0 . 86 

0.000 
0.000 

0 . 000 
0 . 000 

0 . 539 
o .. 525 

0 . 399 
0 .238 

0 .. 0827 
0 .. 0628 

0 1278 
0 . 0586 

0 .. 024 6 
0 . 0210 

0.0257 
0.0151 

0 . 0240 
0 .. 0205 

0 . 0209 
0 .0153 
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TOTALS 0 . 0000 0 .0000 0 . 0000 0 .. 0000 o .. 0000 
0 . 0000 0 . 0000 0 .0000 0 0000 0 . 0000 

STD . DEVIATI ONS 0 . 0000 0 0000 0 . 0000 0 .. 0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 0 .. 0000 0 .. 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAI LY AVERAGE HEAD ON TOP OF LAYER 5 
-------------------------------------

AVERAGES 0 .0227 0 0240 0 .. 0237 0 . 0229 0 .0333 
0 . 025 1 0 .. 0210 o .'0213 0 . 0230 0 . 0235 

S'ID . DEV I ATIONS 0 . 0198 0 . 0209 0 .0172 0 .0143 0 . 0515 
0 .0401 0 . 0330 0 .0273 0 . 0247 0 . 0237 

DAILY AVERAGE HEAD ON TOP OF LAYER 7 

-------------------------------------
AVERAGES 0 . 0602 0 .. 0623 0 .0635 0 . 0638 0 . 0689 

0 . 0715 0 . 0622 0 .0581 0 .0589 0 . 0609 

STD. DEVIATIONS 0 .. 04 4 6 0 .. 0430 0 . 0400 0 . 0355 0 .. 0424 
0 . 068 9 0 0656 0 . 0591 0 . 0522 0.0482 

WCH-195 
Rev. 0 

Sheet 6 of9 

0.0000 
0 . 0000 

0 .0000 
0 0000 

0 . 0324 
0 .0238 

0 . 0501 
0 . 0222 

0 . 0752 
0 .. 0623 

0 ., 0655 
0 . 0465 

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

***********~**** ~* *** ********** * * * ************ ************** ***** ********* *****· 

AVERAGE ANNUAL TOTALS & (STD . DEVIATIONS) FOR YEARS 1955 THROUGH 2006 

PRECIPITATION ' 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH 
LAYER 5 

AVERAGE HEAD ON TOP 
OF LAYER 5 

LATERAL DRAI NAGE COLLECTED 
~ROM LAl:"l::R 6 

PERCOLATION/LEAKAGE THROUGH 

F.IPROIEC'TS\2tl6\3ll\O,,oge Notice I\Hdp\lsnJl· IO doc 

INCHES 

-------------------
7 . 30 2 . 032) 

0 . 000 0 . 0000) 

6 . 114 1 . 5253) 

0 . 76808 0 . 78868) 

0 . 24967 ( 0 . 18143) 

0 . 025 ( 0 . 025) 

0 24840 ( 0 . 17933) 

0 . 00008 ( 0 . 00005) 

cu . FEET PERCENT 

------------- ---------
72869 . 0 100 . 00 

o .. oo 0 . 000 

610.37 . 11 83.763 

7667 . 361 10. 52211 

2492 .360 3 . 42033 

2479 .. 621 3 . 40285 

0 822 o . 00113 
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LAYER 8 

AVERAGE HEAD ON TOP 
OF LAYER 7 

CHANGE IN WATER STORAGE 

0 . 064 ( 

0 . 169 

0 . 046) 

1 . 6624) 1684 .. 12 

WCH-195 
Rev. 0 

Sheet 7 of9 

2 .. 311 

******************************* ***************************~******************** 
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*T*****************************~++++++++++++++++++++++++++++++++++++++++++++++ 

PEAK DAILY VALUES F'OR YEARS 1955 IHROUGH 2006 

(INCHES) (CU . FT , ) 

15972 . 000 

0 . 0000 

285 .15463 

54 . 73595 

PRECIPI'IATION 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH LAYER 

AVERAGE HEAD ON TOP OF LAYER 5 

MAXIMUM HEAD ON TOP or LAYER 5 

LOCATION OE MAXIMUM HEAD IN LAYER 
(DISTANCE FROM DRAIN) 

5 

4 

1 . 60 

0 .000 

0 . 02857 

0 . 005483 

0 336 

0 . 578 

DRAINAGE COLLECTED FROM LAYER 6 

PERCOLATION/LEAKAGE THROUGH LAYER B 

7 0 FEEr 

0 . 00426 

0 . 000001 

0 401 

0 . 770 

42 .. 51468 

0 .. 01202 

AVERAGE HEAD ON TOP OF LAYER 7 

MAXIMUM HEAD ON TOP OF LAYER 7 

LOCATION OF MAXIMUM HEAD IN LAYER 6 
(DISTANCE FROM DRAIN) 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG .. SOIL WATER (VOL/VOL) 

15 .. 7 FEE'! 

1.96 19603 .2383 

0 .. 4540 

0 . 0783 

*** 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 . 

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

F:IJ'llOJECTS\2186\151\Cu>gel/orlu l\lldp\JSFLR·I0 d,:,c 
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*******************~********************************************************** 

FINAL WAIER srORAGE AT END OF . YEAR 2006 

LAYER (INCHES) (VOL/VOL) 
-------- ---------

1 3 . 2511 0 .2709 

2 20.9122 0.1743 

3 7 . 52 75 0 .. 2091 

4 0 . 4012 o .. 0334 

5 0 .0000 0 .. 0000 

6 0 .. 4212 0 .0351 

7 0 .. 0000 0 . 0000 

8 15 .. 3720 0 . 4270 

SNOW WAIER 0 . 000 

*******************************~********************************************** 
****************************~****** ***************** *************** *********** 

F:IPROJECTS\2116135 1\Ch,ngc Notice l\HclpllSFI.R-10 doc 
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*********** ******** *********************************************************** 
******************************************************************* **** * ****** 
** 
** 
** 
** 
* * 
** 
** 
** 

** 

HYDROLOGIC EVALUA'IION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3 . 07 (1 NOVEMBER 1997) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORA'IORY 

** 
** 
** 
** 
** 

** 
** 
** 
** 

****************************************************************************** 
***********~****************************************************************** 

PRECIPITATION DATA fILE: C: \HELP3\HANF"ORD\CN1 \PREC31 . D4 
TEMPERATURE DAIA FILE: C: \HELP3\HANfORD\CNl \ fEMP31 . D7 
SOLAR RADIATION DATA FILE: C:\HELP3\HANFORD\CNl\RAD31 . Dl3 
EVAPOTRANSPIRATION DATA: C: \HELP3\HANFORD\CN1 \HANFORD2 .. D11 
SOIL AND DESIGN DATA FILE: C:\HELP3\HANF'ORD\CN1\3FLR-10.D10 
OUTPUI DATA FILE: C:\HELP3\HANFORD\CN1\3FLR-10 . 0UI 

TIME: 14 :31 DATE: 9/28/2007 

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

'IITLE: HF FLR: 3%,50',12"GRAV@0 . 05 CM/S,GOOD FML,3'0PS,10' WASTE 

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

NOTE: INITIAL MOISTURE CONTENT or THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM . 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL 'IEXTURE NUMBER 6 

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

f ·\PllOJECTS\lll6\l~I\O,ng,, Nolice l\Hd plJFLR.-10 doc 
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12 . 00 INCHES 
0 . 4530 VOL/VOL 
0 .1900 VOL/VOL 
0 . 0850 VOL/VOL 
0 .. 3361 VOL/VOL 

0.720000011000E-03 CM/SEC 
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LAYER 2 

IYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 5 

THICKNESS 120 . 00 INCHES 
POROSITY 0 .4570 VOL/VOL 
FIELD CAPACITY O .1310 VOL/VOL 
WILTING POINT 0 .0580 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.1288 VOL/VOL 
EFFECTIVE SAI .. HYO. COND . 0 .100000005000E-02 CM/SEC 

LAYER 3 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL IEXTURE NUMBER 6 

THICKNESS 36 . 00 INCHES 
POROSITY 0 . 4530 VOL/VOL 
FIELD CAPACITY 0.1900 VOL/VOL 
WILTING POINT O .. 0850 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.1900 VOL/VOL 
EFFECTIVE SAT . HYD . COND, - 0.720000011000E-03 CM/SEC 

LAYER 4 

IYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS 12 . 00 INCHES 
POROSITY 0 3970 VOL/VOL 
FIELD CAPACITY 0,0320 VOL/VOL 
WILTING POINT 0 . 0130 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.0320 VOL/VOL 
EFFEC'IIVE SAT . HYO . COND . 0.500000007000E-01 
SLOPE 3 00 PERCENT 
DRAINAGE LENGTH so .a FEET 

LAYER 5 

TYPE 4 - FLEXIBLE MEMBRANE LINER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

F:IPRO.1£CTS\2116\3Sl\Cl,ang, No~« 1\HdpUFLR-10 doc 

MATERIAL TEXTURE NUMBER 35 
0 . 06 
0 .0000 
0 .. 0000 
0 . 0000 
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INCHES 
VOL/VOL 
VOL/VOL 
VOL/VOL 

CM/SEC 
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INITIAL SOIL WATER CONTENT = 
EFFECTIVE SAT . HYO . COND . 
FML PINHOLE DENSITY 
FML INSTALLATION DEFECTS 
FML PLACEMENT QUALITY 

LAYER 

0.0000 VOL/VOL 
0 . 199999996000E-12 CM/SEC 

1 . 00 HOLES/ACRE 
4 . 00 HOLES/ACRE 

3 - GOOD 

6 

1YPE 2 - LATERAL DRAINAGE LAYER 
MAIERIAL TEXTURE NUMBER 0 

1HICKNESS 12 . 00 INCHES 
POROSITY 0.3970 VOL/VOL 
FIELD CAPACITY O .. 0 320 VOL/VOL 
WILTING POINT 0 . 0130 VOL/VOL 
INITIAL SOIL WATER CONIENT O .. 0320 VOL/VOL 
EFFECTIVE SAI. HYO .. COND . 0 .. 500000007000E-01 CM/SEC 
SLOPE 3 . 00 PERCENT 
DRAINAGE LENGTH 200 . 0 FEEI 

LAYER 7 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MArERIAL TEXTURE NUMBER 35 

THICKNESS 
POROSI1Y 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WAIER CONTENT 
EFFECTIVE SAT . HYO . COND . 
FML PINHOLE DENSITY 
FML INSTALLATION DEFECTS 
FML PLACEMENT QUALITY 

0 . 06 INCHES 
0.0000 VOL/VOL 
0.0000 VOL/VOL 
0.0000 VOL/VOL 
0 . 0000 VOL/VOL 

0 . 199999996000E-12 CM/SEC 
1 .. 00 HOLES/ACRE 
4 . 00 HOLES/ACRE 

3 - GOOD 

LAYER 8 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 16 

THICKNESS 36 . 00 INCHES 
POROSITY O .. 42 70 VOL/VOL 
FIELD CAPACIIY 0 .. 4180 VOL/VOL 
WILTING POINT O. 36 70 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.4270 VOL/VOL 
EFFECTIVE SAT .. HYD . COND . O. lOOOOOOOlOOOE-06 CM/SEC 

f ·\PROJECTS\211&\351\0ange Notic.- I\Help\3Ft.R.10 dac 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

\"OTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIE IED .. 

SCS RUNOFF CURVE NUMBER 
FRACTION or AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMI1 OF EVAPORATIVE SI ORAGE 
INITIAL SNOW WATER 
INITIAL WATER IN LAYER MAIERIALS 
IOIAL INITIAL WATER 
10IAL SUBSURFACE INFLOW 

89 .. 50 
0 .0 PERCENT 
2 . 620 ACRES 

16 .0 INCHES 
4 . 284 INCHES 
7 .• 264 INCHES 
1 252 INCHES 
0 . 189 INCHES 

42.466 INCHES 
42 . 655 INCHES 

0 . 00 INCHES/YEAR 

EVAPOTRANSPIRArION AND WEATHER DAIA 

NOTE: EVAPOTRANSPIRATION D~Ih WhS OBTAINED FROM 
HANFORD WASHINGTON 

STATION LATITUDE 46 .. 55 
MAXIMUM LEAF AREA INDEX 0.00 
STARI _OF GROWING SEASON ( JULIAN DATE) 103 
END OF GROWING SEASON (JULIAN DATE) 288 
EVAPORATIVE ZONE DEPTH 16 .. 0 
AVERAGE ANNUAL WIND SPEED 7 .. 60 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 68 .. 20 
AVERAGE 2ND QUARTER RELATIVE .HUMIDITY 43 . 30 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 37 .10 
AVERAGE 4TH QUARTER RELA1IVE HUMIDITY 70 .. 10 

NOTE: PRECIPITATION DATA F'OR HANF'ORD 
WAS ENIERED FROM AN ASCII DATA FILE . 

NOTE: TEMPERATURE DATA fOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE ,. 

DEGREES 

INCHES 
MPH 
% 
% 
% 
% 

WASHINGTON 

WASHINGTON 

NOTE: SOLAR RADIATION DATA FDR HANFORD WASHINGTON 
WAS ENTERED FROM AN ASCII DATA FILE. 

f ;\PJlOJiiCTS\llBN51\0i.mge Nolitc J\Help\lft.R-IOdoc. 
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********* ****** ***** ******* ******** **** *** ** ********************** * ************ 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006 

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

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

IOIALS 

STD . DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD . DEVIATIONS 

1. 01 
0 .21 

0 . 63 
0 . 32 

0 . 000 
0 . 000 

0 .. 00 0 
0 .000 

0 . 484 
0 . 361 

0 .336 
0 2 99 

0 72 
0 .1 6 

0 . 48 
0 . 24 

0 .000 
0 .. 000 

0 . 000 
0 . 000 

0 . 603 
0 . 241 

0 .. 489 
0 . 186 

LATERAL DRAINAGE COLLECTED FROM LAYER 4 

T01ALS 

STD . DEVIATIONS 

0 0673 
0 . 0726 

0 . 05 71 
0 .1129 

0 .. 0644 
0 . 0614 

0 .0544 
0 .. 0934 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

TOTALS 

STD .. DEVIATIONS 

0 . 0132 
0 .0129 

0 . 0087 
0 . 0143 

0 . 0125 
0 . 0113 

0 .0081 
0 . 0126 

LArERAL DRAINAGE COLLECTED FROM LAYER 6 

TOTALS 

STD. DEVIA1IONS 

0 . 0130 
0 . 0139 

0 .0 088 
0 . 0145 

0 . 0124 
0 .0116 

0 . 0082 
0 . 0131 

PERCOLATION/LEAKAGE THROUGH LAYER 8 

F·\PROJECTS\2116\15J\O.:anae Notice l\l-Jclp\lFlR-10 doc-
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0 . 56 
0 . 34 

0 . 45 
.o. 33 

0.000 
0 . 000 

0 .. 000 
0 . 000 

1 .210 
0 . 204 

0 601 
0 .101 

0 .0703 
0 .0609 

0 . 0496 
0 0753 

0 .0138 
0 .0117 

0 . 0077 
0 . 0105 

0 . 0137 
0 . 0115 

0 . 0079 
0 .0108 

0 . 55, 
0.57 

0 . 50 
0 . 52 

0 . 000 
0 .000 

0 .. 000 
0 .. 000 

0 .. 684 
0 . 357 

0 . 393 
0 . 397 

0 .. 0658 
0 . 0679 

0 .0401 
0 . 0707 

0 0131 
0.0131 

0 . 0065 
0 . 0101 

0 . 0131 
0 .. 0128 

0 .0066 
0 . 0102 

0 .53 
0 .. 89 

0 .34 
0 . 63 

0 . 000 
0 .. 000 

0 . 000 
0 . 000 

0 . 463 
0 . 442 

0 . 300 
0 . 328 

0 . 0987 
0 .. 0670 

0.1519 
0 . 0659 

0.0169 
0 .. 0129 

0 . 0170 
0 . 0097 

0 . 0161 
0 . 0128 

0 0134 
0. 0097 

0 . 53 
1.24 

0.42 
o. 86 

0 . 000 
0 .000 

0 . 000 
0 000 

0 539 
0 .. 525 

0 .. 399 
0 .. 238 

0 .. 0908 
0 . 0702 

0 1355 
0 . 0 63 7 

0 .0156 
0 . 0136 

0 . 0159 
0 . 0095 

0 .. 0160 
0 .. 0135 

0 .. 0163 
0 .0097 
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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 OE MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ON TOP OE LAYER 5 
-------------------------------------

AVERAGES 0 .. 0128 0 . 0134 0 . 0133 0.0129 0 . 0187 0 0178 
0 . 0138 0 . 0117 0 . 0120 0 . 0129 0 . 0131 0 .. 0133 

STD . DEVIATIONS O .0108 0 . 0114 0 . 0094 0.0079 0 . 0288 0 . 0266 
0 . 0214 0 . 0177 0 . 0148 0 . 0134 0 . 0129 0 .0121 

DAILY AVERAGE HEAD ON TOP or LAYER 7 

-------------------------------------
AVERAGES 0 . 0099 0.0104 0 . 0104 0 .0102 0 .. 0122 0 .0126 

0 . 0105 0 . 0088 0 .0090 0 . 0098 0 . 0101 0 .0103 

STD . DEVIA1IONS 0 . 0067 0 . 0069 0 . 0060 0 .. 0052 0.0102 0 .. 0128 
0 . 0110 0 . 0100 0 .. 0085 0 , 0077 0 .. 0076 0 .. 0073 

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

***************************•*************************************************** 

AVERAGE ANNUAL TOIALS & (STD . DEVIA1IONS) FOR YEARS 1955 THROUGH 2006 

PRECIPIIATION 

RUNOFE 

EVAPOTRANSPIRA1ION 

LATERAL DRAINAGE COLLECTED 
!iROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH 
LAYER 5 

AVERAGE HEAD ON TOP 
OE LAYER 5 

LATERAL DRAINAGE COLLECTED 
!'.ROM LAYER 6 

PERCOLATION/LEAKAGE THROUGH 

f :\PJI.OJ'ECTS\llU\lSIICll&nl• Noti .. IIHdpllFIA-10.doo 

INCHES 
-------------------

7 .30 2 . 032) 

0 . 000 0.0000) 

6 .114 1 . 5253) 

0 . 85737 0 .85624) 

0 .16063 ( 0 . 11388) 

0 . 014 ( 0 . 014) 

0 .16039 ( 0 . 11372) 

0 .00002 ( 0 . 00001) 

Design Analysis Variance Report ERDF Cells 7-10 
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cu . EEET PERCENT 
------------- ---------

69424 .3 100 00 

0 .. 00 0 .000 

581 51 . 72 83 .. 763 

8154 . 128 11 74535 

152 7 .. 660 2 .20047 

1525 . 449 2 .19728 

0 . 168 0 . 00024 
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LAYER 8 

AVERAGE HEAD ON TOP . 0 . 010 ( 
OF LAYER 7 

CHANGE IN WAIER STORAGE 0 . 167 

0 007) 

1 . 6593) 1592 . 85 
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Rev.O 

Sheet 7 of9 

2 .294 

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

PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006 

(INCHES) (CU . FT .) 

15216 960 

0 . 0000 

293 .. 87607 

32.60663 

PRECI PIIAIION 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 4 

PERCOLATION/LEAKAGE 1HROUGH LAYER 5 

AVERAGE HEAD ON TOP OF LAYER 5 

MAXIMUM HEAD ON TOP OF LAYER 5 

LOCATION OF MAXIMUM HEAD IN LAYER 4 
(DIS IANCE FROM DRAIN) 

DRAINAGE COLLECTED FROM LAYER 6 

PERCOLATION/LEAKAGE THROUGH LAYER 8 

AVERAGE HEAD ON TOP OF LAYER 7 

MAXIMUM HEAD ON TOP OF LAYER 7 

LOCATION OF MAXIMUM HEAD IN LAYER 6 
(DISTANCE FROM DRAIN) -

SNOW WATER 

MAXIMUM VEG . SOIL WATER (VOL/VOL) 

MINIMUM VEG SOIL WATER (VOL/VOL) 

1.60 

0 . 000 

0.03090 

0 .. 003428 

0 . 182 

0 . 342 

3 .. 0 fEEI 

0 . 00327 

0 . 000000 

0 .. 077 

0 . 152 

2 .. 2 FEE! 

1 96 

31 . 07392 

0 .00257 

18676 .5391 

0 .. 4540 

0 .. 0783 

*** 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 ., 

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

f ·\PROJECTS\2116\351\0m>gc Nga,. IIHdp\JfUl.JO doc 

Page 62 of 345 

Design Analysis Variance Report ERDF Cells 7-10 
October 2007 A-42 



WCH-195 
Rev.O 

Sheet9 of9 

*******************~********************************************************** 

FINAL WATER STORAGE AT END OF YEAR 2006 

LAYER (INCHES) (VOL/VOL) 
-------- ---------

1 3 . 2511 0 .2709 

2 20 9122 0 . 1743 

3 7 .. 52 7 5 O 2091 

4 0 . 3936 0 . 0328 

5 0 . 0000 · 0 . 0000 

6 0 .. 3907 0 0326 

7 0 .0000 0 . 0000 

8 1 5 . 3720 0 . 4270 

SNOW WATER 0 . 000 

••••••••••••••••••••••******* •••••••••••••••••••••••••••••• y*••••••••••••••••• 

**************************************************y*************************** 
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****************************************************************************** 
****************************************************************************** 
** 
** 
** 
** 

** 
** 
** 
** 
** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3 . 07 (1 NOVEMBER 1997) 

DEVELOPED BY ENVIRONMENIAL LABORA10RY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

"'* 
** 
** 
** 
** 
** 
** 
** 
** 

****************************************************************************** 
*****************~************************************************************ 

PRECIPITATION DATA FILE: C:\HELP3\HANFORD\CN1\PREC31 . D4 
TEMPERA1URE DATA FILE: C:\HELP3\HANFORD\CN1\IEMP31 , D7 
SOLAR RADIAIION DATA FILE: C: \HELP3\HANF'ORD\CN1 \RAD31. Dl3 
EVAPOTRANSPIRATION DATA: C:\HELP3\HANFORD\CN1\HANFORD2 . Dll 
SOIL AND DESIGN DATA FILE: C:\HELP3\HANFORD\CN1\SS-10 . Dl0 
OUTPUT DATA FILE: C:\HELP3\HANfORD\CNl\SS-10 .0UT 

TIME: 14: 32 DATE: 9/28/2007 

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

TI TLE: HANFORD SIDESLOPE-33%,255',GEOCOMP,3' OPS,GOOD FML,lO'WASTE 
'\ 

*************************************************************•**************** 

NOTE: INITIAL MOISIURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY srEADY-STATE VALUES BY THE PROGRAM . 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 6 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WA1ER 
EFFECTIVE SAT . HYO .. 

F\PROrECTS\21S6\3Sl\Change; Notice I\Hctp~S-JO doe 

CONTENT 
COND 

Design Analysis Variance Report ERDF Cells 7-10 
October 2007 

12 . 00 INCHES 
0 . -4530 VOL/VOL 
0 .. 1900 VOL/VOL 
0 0850 VOL/VOL 
0.3160 VOL/VOL 

0 . 720000011000E-03 CM/SEC 
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LAYER 2 

TYPE 1 - VERTICAL PERCOLAT+ON LAYER 
MATERIAL TEXTURE NUMBER 5 

IHICKNESS 120 . 00 INCHES 
POROSITY 0 . 4570 VOL/VOL 
FIELD CAPACITY 0 .1310 VOL/VOL 
WILTING POINT 0 . 0580 VOL/VOL 
INITIAL SOIL WATER CONTENT 0 .1350 VOL/VOL 
EFFECTIVE SA! .. HYO COND 0 . 100000005000E-02 

LAYER 3 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL 1EXIURE NUMBER 6 

THICKNESS 36 . 00 INCHES 
POROSITY 0 . 4530 VOL/VOL 
FIELD CAPACITY 0 . 1900 VOL/VOL 
WILTING POIN1 0 .0850 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.1900 VOL/VOL 

CM/SEC 

WCH-195 
Rev.O 

Sheet 2 of9 

EffECTIVE SAT . HYD . COND . 0 .. 720000011000E-03 CM/SEC 

LAYER 4 

IYPE 2 -
MATERIAL TEXTURE NUMB 

THICKNESS 0 5 INCHES 
POROSITY 0.8500 VOL/VOL 
FIELD CAPACITY 0 . 0100 VOL/VOL 
WILTING POINT 0 . 0050 VOL/VOL 
INITIAL SOIL WAIER CONTENT 0 . 0100 VOL/VOL 
EHECIIVE SAT . HYD .. COND . 33 . 0000000000 
SLOPE 33 .00 PERCENI 
DRAINAGE LENGTH 255 .0 FEET 

LAYER 5 

TYPE 4 - FLEXIBLE MEMBRANE LINER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

F,IPROJECTS\11161351\Cban,:e Notte< 1\llclp\SS-10 doc 

MATERIAL TEXTURE NUMBER 35 
0 . 06 
0 .. 0000 
0 0000 
0 . 0000 
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INCHES 
VOL/VOL 
VOL/VOL 
VOL/VOL 

/( 

~ D.2? 

CM/SEC 
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INITIAL SOIL WArER CONTENT 0 . 0000 VOL/VOL 
EFFECTIVE SAT . HYD . COND . 0 . 199999996000E-12 CM/SEC 
FML PINHOLE DENSITY = 1 . 00 HOLES/ACRE 
FML INSTALLATION DEFEcrs 4 . 00 HOLES/ACRE 
FML PLACEMENT QUALITY 3 - GOOD 

LAYER 6 
0 .fo C ;Nl 

THICKNESS 
POROSITY 

IYPE 2 - LAT:::- ::INAGE ~ER 
MATERIAL TEXTURE NUMBER··- 4 

= (o . 5 INCHES 
= 'cr:"esoo VOL/VOL 

0 .0100 VOL/VOL 
0 .. 0050 VOL/VOL 

FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAI , HYD . COND. 
SLOPE 
DRAINAGE LENGTH 

LAYER 7 

0 . 0100 VOL/VOL 
33 . 0000000000 

33 .00 PERCENT 
255 .. 0 FEET 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS 0 . 06 INCHES 
POROSITY 0 .0000 VOL/VOL 
FIELD CAPACITY 0,0000 VOL/VOL 
WI LTING POINT 0 .. 0000 VOL/VOL 
INITIAL SOIL WArER CONTENT 0 . 0000 VOL/VOL 

CM/SEC 

EFFECTIVE SAT .. HYD . COND . 0 . 199999996000E-12 CM/SEC 
FML PINHOLE DENSITY 1 . 00 HOLES/ACRE 
FML INSIALLATION DEF ECTS 
FML PLACEMENT QUALITY 

4 . 00 HOLES/ACRE 
3 - GOOD 

LAYER 8 

TYPE 3 - BARRIER SOIL LINER 
MATERI AL TEXTURE NUMBER 16 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INI TIAL SOIL WATER CONTENI 
EFFECTIVE SAT . HYD .. COND . 

f :\P.ROJECTS\2\86\JSI\Cha,gc Nolloa l'IHclp\SS-10 doc 
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36 . 00 INCHES 
0 .4270 VOL/VOL 
0 . 4180 VOL/VOL 
0 .. 3670 VOL/VOL 
0. 42 70 VOL/VOL 

= O.lOOOOOOOlOOOE-06 CM/SEC 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DAIA BASE USING SOIL TEXTURE# 6 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 33 . % AND 
A SLOPE LENGTH OF 281. FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONIAL PLANE 
EVAPORATIVE ZONE DEPTH 
INIIIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMir or EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

86 .80 
0 . 0 
3 . 000 

16.0 
4 .. 042 
7.264 
1.252 
O. i89 

42 . 213 
42 402 

0 . 00 

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

RVAPOTRANSPIRATION AND WE:ATHER DATA 

NOIE: EVAPOTRANSPIRATION DAIA WAS OBTAINED FROM 
HANFORD WASHINGTON 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND. SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

NOTE: PRECIPI IAIION DATA FOR HANFORD 

= 4 6 . 55 DEGREES 
0.00 

103 
288 

16 . 0 INCHES 
7 . 60 MPH 

68 .. 20 % 
= 43 . 30 % 

37 . 10 % 
70 . 10 % 

WASHINGTON 
WAS ENTERED FROM AN ASCII DATA FILE .. 

NOTE: TEMPERATURE DATA F'OR HANFORD WASHI.NGTON 
WAS ENTERED FROM AN ASCII DATA , FILE. 

NOIE: SOLAR RADIATION DATA FOR HANFORD WASHINGTON 
WAS ENTERED FROM AN ASCII DATA FILE. 

F IPROJECfS\2116\JSI\Om&<NoOa I\lldp\SS-10 doc 
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******* * ****************************************************W****************** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006 

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

PRECIPITATION 

TOTALS 

SID .. DEVIATIONS 

RUNOF F 

TOTALS 

STD . DEVI AIIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD . DEVIAIIONS 

1 .. 01 
0 . 21 

0 .. 63 
0. 32 

0 .. 000 
0 . 000 

0 . 000 
0 . 000 

0 . 450 
0 .. 238 

0 .246 
0 .213 

0 .. 72 
0 . 16 

0 . 48 
0 .. 24 

0 . 000 
0 . 000 

0.000 
0 .0 00 

0 . 528 
0 .1 75 

0 ,358 
0 .109 

LA1ERAL DRAINAGE COLLECTED FROM LAYER 4 

TOTALS 

STD DEVIATIONS 

0 .1577 
0' .1458 

0 . 0879 
0 .. 1298 

0 . 1456 
0 .. 1654 

0 . 0699 
0 .1208 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

TOTALS 

STD ., DEVIATIONS 

0 . 0106 0 .. 0099 
0 . 0098 0 .0107 

0 . 0043 0 . 0035 
0 . 0052 0 . 0051 

LATERAL DRAINAGE COLLECTED FROM LAYER 6 

TOTALS 

STD. DEVIATIONS 

F\PR.OJEc:r'S\1116\3~1\ChlJ'IJe Notiu 1\JJelp\SS-.10 doc 

0 .. 0106 
0 . 0098 

0 . 0043 
0 0052 

0 . 0099 
0 . 0107 

0 . 0035 
0 0051 

Design Analysis Variance Report ERDF Cells 7-10 
October 2007 

0 .. 56 
0 .. 34 

0 45 
0 .33 

0 .000 
0 .. 000 

0.000 
0 . 000 

1.110 
0 . 163 

0 . 556 
0 .. 069 

0 .. 1372 
0 .. 1657 

0 .. 0590 
0 .1106 

0 .. 0099 
0 . 0107 

0 . 0033 
0 . 0047 

0.0099 
0 .. 0107 

0 . 0033 
0 . 0047 

0 55 
0.57 

a. so 
0 . 52 

0 .. 000 
0 . 000 

0 . 000 
0.000 

0 . 631 
0 . 314 

0 .435 
0 351 

0 .. 1380 
0 . 1775 

0 .. 1022 
0 .. 1095 

0 0096 
0 '' 0114 

0 . 0036 
0 . 0046 

0 . 0096 
0 . 0114 

0 . 0036 
0 . 0046 

0 . 53 
0 . 89 

0 . 34 
0 . 63 

0 . 000 
0.000 

0 . 000 
0 . 000 

0 . 349 
0 .. 395 

0 .. 251 
0 .. 218 

0 .. 1532 
0 .. 1 737 

0 . 1882 
0.0959 

0 . 0100 
0 . 0112 

0.0052 
0 . 0039 

0.0100 
0. 0112 

0 . 0052 
0 .. 0039 

0 53 
1.24 

0 . 42 
0 . 86 

0 . 000 
0 . 000 

0 . 000 
0 . 000 

0 .341 
0 . 442 

0 .. 302 
0 . 158 

0 .. 1281 
0 .. 1747 

0 .1407 
0 .. 0928 

0 . 0088 
0 . 0114 

0 . 0048 
0 . 0042 

0 . 0088 
0 0114 

0 . 0048 
0 . 0042 
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PERCOLATION/LEAKAGE THROUGH LAYER 8 

------------------------------------
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 OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ON TOP OF LAYER 5 

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

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 

DAI LY AVERAGE HEAD ON TOP OF LAYER 7 

-------------------------------------
AVERAGES 0 . 0001 0 .. 0001 0 .0000 0 .0000 0 .. 0000 0 .0000 

0 . 0000 0 .0001 0 . 0001 0 .0001 0 .0001 0 . 0001 

STD . DEVIATIONS 0 . 0000 0 . 0000 0 . 0000 0 .. 0000 0 . 0000 0 . 0000 
0 .0000 0 .. 0000 0 . 0000 o .. 0000 0 . 0000 0 . 0000 

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

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

AVERAGE ANNUAL TOIALS & (STD .. DEVIATIONS) FOR YEARS 1955 THROUGH 2006 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAI NAGE COLLECTED 
FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH 
LAYER 5 

AVERAGE HEAD ON 'IOP 
OF LAYER 5 

LATERAL DRAINAGE COLLECTED 

F:\PROIECTS\lll6\15 JIO,,ni• Nori<,, l\lklp\Ss-10.doc 

INCHES 

-------------------
7.30 2 032) 

0 . 000 0 . 0000) 

5 . 135 1. 1901) 

1 . 86250 1 .. 0434 4 ) 

0 .12415 ( 0 . 04155) 

0 . 000 ( 0 . 000) 

0 12 415 ( 0 . 04155) 

Design Analysis Variance Report ERDF Cells 7-10 
October 2007 

cu . FEET PERCENI 

------------- ---------
79493 .5 100 . 00 

0 . 00 0 . 000 

55923 .. 12 70 . 349 

20282 602 25 .. 51479 

1351 . 973 1. 70073 

1351 . 973 1 . 70073 
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FROM LAYER 6 

PERCOLATION/LEAKAGE THROUGH 
LAYER 8 

AVERAGE HEAD ON TOP 
Of LAYER 7 

CHANGE IN WAIER SIORAGE 

0 .. 00000 ( 0 . 00000) 

0 .. 000 ( 0 . 000) 

0 . 178 1 .. 4978) 

0 .. 000 

1935.B0 

WCH-195 
Rev.0 

Sheet 7 of9 

0 , 00000 

2 435 

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

F·\PROJECTS'll 86\lS I\Chaoge Notice IIHelp\SS-,J O doc 
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***•****************************************•********************************* 

PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006 

PRECIPI'IA'I ION 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 4 

PERCOLATION/ LEAKAGE THROUGH LAYER 5 

AVERAGE HEAD ON TOP OF LAYER 5 

MAXIMUM HEAD ON TOP OF LAYER 5 

LOCATION OF MAXIMUM HEAD IN LAYER 4 
(DIS'IANCE FROM DRAIN) 

DRAINAGE COLLECTED FROM LAYER 6 

PERCOLATION/LEAKAGE THROUGH LAYER B 

AVRRAGF. HF.AD ON TOP OF LAYER 7 

MAXIMUM HEAD ON TOP OF LAYER 7 

LOCATION OF MAXIMUM HEAD IN LAYER 6 
(DISTANCE FROM DRAIN) 

SNOW WATER 

MAXIMUM VEG . SOIL WATER (VOL/VOL) 

MINIMUM VEG . SOIL WATER (VOL/VOL) 

(INCHES) 

----------
1.60 

0 . 000 

0 . 03978 

0 .001070 

0 . 000 

0 .. 000 

O . OrEEI 

0 . 00107 

0 .000000 

0 . 000 

0 . 142 

0 . 0 fEE'I 

1.96 

(CU . ET.) 

-------------
17424. 000 

0.0000 

433 . 16138 

11 64 81 7 

11 . 64817 

0 .00000 

21385 . 3496 

0 .. 4325 

0 . 0782 

*** 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 2006 

LAYER (INCHES) (VOL/VOL) 
-------- ---------

1 2 . 8896 0 2408 ,. 

2 21 . 8867 0 . 1824 

3 7 . 7545 0 .2154 

4 0 . 0051 q . 0102 

5 0 . 0000 0 . 0000 

6 0 .. 0050 0 . 0100 

7 0 . 0000 0 . 0000 

8 15 . 3720 0.4270 

SNOW WATER 0 000 

****•************************************************************************* 
****************************************************************************** 

f ·\PR.01ECTS'lll 16\J5 I\Ch111~ Notice l\Hclp'SS-11> doc 
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*x***************************************************~•*•********************* 
*********************************~******************************************** 

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

** 
** 
** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3 . 07 (1 NOVEMBER 1997) 

DEVELOPED BY ENVIRONMENTAL LABORArORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCIION ENGINEERING LABORATORY 

** 

** 
** 
** 
** 

** 
** 
** 
'** 

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

PRECIPITATION DATA FILE: 
1EMPERATURE DAIA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DArA FILE: 

C:\HELP3\HANFORD\CN1\PREC31 .. D4 
C: \HELP3\HANFORD\CN1 \TEMP31 .. D7 
C:\HELP3\HANFORD\CN1\RAD31 .. Dl3 
C: \HELP3\HANF'ORD\CN1 \HANFORD2 . Dll 
C:\HELP3\HANFORD\CN1\15FLR-35 . Dl0 
C: \HELP3\HANFORD\CN1 \l SFLR-35 .. our 

TIME: 14:31 DATE: 9/28/2007 

***~******************************************~******************************* 

TirLE: HF FLR: 1 . 5%,50',12"GRAV@0 , 05 CM/S,GOOD FML,3'0PS,35'WASTE 

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

NOrE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STA'IE VALUES BY THE PROGRAM .. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 6 

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

12 . 00 INCHES 
0 .4530 VOL/VOL 
0 . 1900 VOL/VOL 
0 .. 0850 VOL/VOL 
0. 3361 °VOL/VOL 

0 . 720000011000E-03 CM/SEC 

f c\PROJEC!>'2116\3.S I\Ch,nce No1icc llH<lp\ l.SFUl-3.S doe 
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LAYER 2 

TYPE 1 - VERIICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 5 

THICKNESS 420 . 00 INCHES 
POROSITY 0 . 4570 VOL/VOL 
FIELD CAPACITY 0 1310 VOL/VOL 
WIL'IING POINT 0 .0580 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.1304 VOL/VOL 
EHECTIVE SAT .. HYD . COND .. 0 . 100000005000E-02 CM/SEC 

LAYER 3 

TY PE 1 - VERTICAL PERCOLA1ION LAYER 
MATERIAL TEXTURE NUMBER 6 

THICKNESS 36 . 00 INCHES 
POROSITY 0 . 4530 VOL/VOL 
FIELD CAPACITY 0 .1900 VOL/VOL 
WILTING POINT 0 . 0850 VOL/VOL 
INITIAL SOIL WArER CONTENT 0 . 1900 VOL/VOL 
EFFECIIVE SAT . HYD . COND. 0 . 720000011000E-03 CM/SEC 

LAYER 4 

TYPE 2 - LAIERAL DRAINAGE LAYER 
MAIERIAL TEXTURE NUMBER 0 

THICKNESS 12 00 INCHES 
POROSITY 0 .. 3970 VOL/VOL 
FIELD CAPACITY 0 . 0320 VOL/VOL 
WILTING POINT 0 . 0130 VOL/VOL 
INITIAL SOIL WATER CONTENr 0 . 0320 VOL/VOL 
EFFECTIVE SAT . HYO . COND . s 0 . 500000007000E-01 CM/SEC 
SLOPE 1 . 50 PERCENT 
DRAINAGE LENG'IH 50 .. 0 FEET 

LAYER 5 

THICKNESS 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0 . 06 INCHES 
VOL/VOL 
VOL/VOL 
VOL/VOL 

POROSITY 
FIELD CAPACITY 
WILTING POINT 

F·IPROJEC'JS\2116\l51\Ch"1J)e Nati« l\HoipU5RJt-3S doc 
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0 . 0000 
0 . 0000 
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INITIAL SOIL WATER CONIENI 
EFFECTIVE SAT . HYD COND . 
F'ML PINHOLE DENSITY 

- FML INSTALLATION DEFECTS 
FML PLACEMENT QUALITY 

0 . 0000 VOL/VOL 
0.199999996000E-12 CM/SEC 

1 . 00 HOLES/ACRE 
4 . 00 HOLES/ACRE 

3 - GOOD 

LAYER 6 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS 12 .. 00 INCHES 
POROSITY 0 . 3970 VOL/VOL 
£ !ELD CAPACITY 0 0320 VOL/VOL 
WILTING POINT 0 . 0130 VOL/VOL 
INITIAL SOIL WATER CONTENT 0 . 0320 VOL/VOL 
EFFECTIVE SAT . HYD . COND .. 0 . 500000007000E-Ol CM/SEC 
SLOPE 1.50 PERCENT 
DRAINAGE LENGTH 400 .0 FEET 

LAYER 7 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MAIERIAL TEXTURE NUMBER 35 

IHICKNESS 0.06 INCHES 
POROSITY 0 .. 0000 VOL/VOL 
FIELD CAPACITY O 0000 VOL/VOL 
WILTING POINT 0 . 0000 VOL/VOL 
INITIAL SOIL WAIER CONTENT 0 . 0000 VOL/VOL 
EFFECIIVE SAT .. HYD. COND. 0 .199999996000E-12 CM/SEC 
FML PINHOLE DENSITY 1 .. 00 HOLES/ ACRE 
FML INSTALLATION DEFECTS 4 . 00 HOLES/ACRE 
FML PLACEMENT QUALITY 3 - GOOD 

LAYER 8 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 16 

THICKNESS 36 . 00 
POROSITY O 4270 
FIELD CAPACilY O 4180 
WILTING POINT 0.3670 
INITIAL SOIL WATER CONTENT 0.4270 

INCHES 
VOL/VOL 
VOL/VOL 
VOL/VOL 
VOL/VOL 

EFFECTIVE SAT . HYD . COND . O .. lOOOOOOOlOOOE-06 CM/SEC 

f ·IJ>ROJECTS\ll86\J51\Cb>n .. Noti.e llfldp\151'1.R-35 doc 
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GENERAL DES!GN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED . 

SCS RUNOFF CURVE NUMBER 89 . 50 
FRAClION Of AREA ALLOWING RUNOFF 0 . 0 PERCENr 
AREA PROJECTED ON HORIZONTAL PLANE 2 . 750 ACRES 
EVAPORATIVE ZONE DEPTH 16 .0 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE 4 . 284 INCHES 
UPPER LIMIT OF EVAPORATIVE SIORAGE = 7 . 264 INCHES 
LOWER LIMIT OF EVAPORArIVE STORAGE 1.252 INCHES 
INI7IAL SNOW WATER 0 . 189 INCHES 
INITIAL WArER IN LAYER MATERIALS 81 . 766 INCHES 
TOTAL INITIAL WATER Bl . 955 INCHES 
TOTAL SUBSURFACE INFLOW 0 .. 00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOIRANSPIRATION DATA WAS OBTAINED FROM 
HANFORD WASHINGTON 

STATION LATI TUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULI AN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELAT I VE HUMIDI TY 
AVERAGE 2ND QUARIER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 41H QUARTER RELATIVE HUMIDITY 

NOTE: PRECIPITATION DATA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE. 

NOrE: TEMPERATURE DATA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE .. 

46 . 55 DEGREES 
0 . 00 
103 
288 

16 . 0 . INCHES 
7 .. 60 MPH 

68 . 20 % 
43 . 30 % 
37 .10 % 
70 10 % 

WASHINGTON 

WASHINGTON 

NOTE: SOLAR RADIATION DATA FOR HANFORD WASHINGTON 
WAS ENTERED FROM AN ASCII DATA FILE . 

F \PROJECTS\2116\lSl\Oungc 'Notice 1\HolpltSFI.Jt-JS doc 
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************~****************************************************************** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006 

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

PRECIPITATION 

TOTALS 

STD , DEVIAI IONS 

RUNOFF 

TOTALS 

S'ID . DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

S'ID .. DEVIATIONS 

1 .01 
0 21 

0 63 
0.32 

0 . 000 
0 . 000 

0 . 000 
0 ,000 

0 . 484 
0 361 

0 . 336 
0 . 299 

0 , 72 
0 . 16 

0 . 48 
0 .2 4 

0 . 000 
0 , 000 

0 . 000 
0 .. 000 

0 . 603 
0.241 

0 . 489 
0 .186 

LAIERAL DRAINAGE COLLECTED FROM LAYER 4 

TOTALS 

S'ID. DEVIATIONS 

0 .. 0362 
0 .. 0397 

0 . 0446 
0 .0433 

0 , 0315 
0 . 0326 

0 . 0391 
0.0413 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

TOTALS 

STD . DEVIATIONS 

0 . 0128 
0 . 0138 

0 . 0133 
0 . 0134 

0 . 0113 
0 . 0116 

0, 0116 
0 . 0127 

LATERAL DRAINAGE COLLEC'IED FROM LAYER 6 

TOTALS 

STD. DEVIATIONS 

0 . 0123 
0,0149 

0 .0126 
0 . 0132 

0 . 0113 
0 . 0135 

0 . 0116 
0 .. 0127 

PERCOLATION/LEAKAGE THROUGH LAYER 8 

f ',IPRO/ECTS\21861331\Change Noti<z l\Help\lSFI.R-lS dee 
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0 . 56 
0 . 34 

0.45 
0 33 

0 . 000 
0 000 

0 . 000 
0 . 000 

1 . 210 
0 .204 

0 . 601 
0 .101 

0 . 0371 
0 .0280 

0. 0430 
0 . 0392 

0 . 0133 
0 . 0101 

0.0128 
0.0121 

0 .. 0127 
0 .. 0114 

0 . 0127 
0 . 0120 

0 . 55 
0 . 57 

0 . 50 
0 . 52 

0 . 000 
0 . 000 

0.000 
0 . 000 

0.684 
0 .357 

0 . 393 
0 397 

0 . 0388 
0 . 0304 

0 . 0417 
0 . 0387 

0 . 0138 
0 .. 0111 

0 .. 0124 
0 .: 0120 

0 . 0130 
0 . 0112 

0 .0123 
0.0122 

0 . 53 
0 89 

0 .. 000 
0 .. 000 

0 . 000 
o .o·oo 

0, 463 
0 442 

0 . 300 
0 . 328 

0 . 0442 
0 . 0319 

0 . 0464 
0 .0380 

0 . 0154 
0 . 0116 

0.0138 
0 .. 0119 

0 0143 
o. 0111 

0 . 0129 
0.0115 

0 ., 53 
1.24 

0 42 
0 86 

0 .. 000 
0.000 

0 . 000 
0 .. 000 

0 539 
0.525 

0 . 399 
0 . 238 

0 . 0447 
0 . 0355 

0 ,0449 
0 . 0419 

0 . 0154 
0 .0128 

0 . 0136 
0 . 0127 

0 014 7 
0 . 0120 

0 . 0130 
0 .. 0121 
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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 OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ON TOP OF LAYER 5 

-------------------------------------
AVERAGES 0 . 0137 0 .0132 0 . 0141 0 . 0152 0 0168 0 .. 0175 

0 . 0151 0 , 0124 0 . 0110 0 . 0115 0 .. 0125 0 : 0135 

STD . DEVIATIONS 0 0169 0 . 0164 0 . 0163 0.0163 0 . 0176 0 . 0176 
0 . 0164 0 0157 0 .0153 0 .. 0147 0 . 0149 0 . 0159 

DAILY AVERAGE HEAD ON TOP OF LAYER 7 

-------------------------------------
AVERAGES 0 .. 0372 0 . 0379 0 . 0385 0 .0407 0 . 0433 0 . 0461 

0 . 0454 0 , 0411 0 . 0359 0 . 0340 0 . 034 7 0 . 0365 

STD. DEVIATIONS 0 . 0383 0 . 0390 0 .0386 0 . 0387 0 0392 0 0408 
0 0400 0 . 0386 0 . 0375 0 . 0370 0 .0362 0 . 0367 

********************** * ********* * ** * ***~******************* * ** ***************** 

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

AVERAGE ANNUAL TOTALS & (STD . DEVIAIIONS) FOR YEARS 1955 THROUGH 2006 

PRECIPITA1ION 

RUNOFF 

EVAPOTRANSPIRA110N 

LATERAL DRAINAGE COLLECIED 
FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH 
LAYER 5 

AVERAGE HEAD ON TOP 
OF LAYER 5 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 6 

PERCOLATION/LEAKAGE THROUGH 

f IPROJECTS\2116\Jll\Change Norice 1\Hclp\ UFI.Jl-3l do, 

INCHES 

-------------------
7, 30 2 .. 032) 

0 .. 000 0 . 0000) 

6 . 114 1.5253) 

0 . 43062 0 . 47101) 

0 . 15281 ( 0 .14344) 

o., 014 ( 0 .. 015] 

0 .1 5238 ( 0 .14399) 

0 . 00005 ( 0 . 00004) 

Design Analysis Variance Report ERDF Cells 7-10 
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cu . FEEi PERCENT 

------------- ---------
72869 . 0 100 .. 00 

0 . 00 0 . 000 

61037 . 11 83 763 

4298 . 646 5 . 89914 

1525 . 446 2 .. 09341 

1521 . 145 2 08750 

0 .. 525 0 . 00072 
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LAYER B 

AVERAGE HEAD ON TOP 
OF LAYER 7 

CHANGE IN WATER STORAGE 

0 .. 039 ( 

0 602 

0 . 037) 

1.4559) 6011 . 60 

WCH-195 
Rev. 0 

Sheet 7 of9 

8 . 250 

*************************************************** **************************** 
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*********************************************~******************************** 

PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006 

(INCHES) (CU . FT . ) 

---------- --------------
PRECI PITA1 ION 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

AVERAGE HEAD ON TOP OF LAYER 5 

MAXIMUM HEAD ON TOP OF LAYER 5 

LOCATION OF MAXIMUM HEAD IN LAYER 4 
(DISIANCE FROM DRAIN) 

DRAINAGE COLLECTED FROM LAYER 6 

PERCOLATION/LEAKAGE 1HROOGH LAYER 8 

AVRRAGF. HF.AD ON TOP OF LAYER 7 

MAXIMUM HEAD ON TOP OF LAYER 7 

LOCATION OF MAXIMUM HEAD IN LAYER 6 
(DISTANCE FROM DRAIN) 

1 . 60 

0 . 000 

o. 0058 7 

0 . 001638 

0 ,069 

0 . 131 

2 . 5 FEET 

0 . 00159 

0 .000000 

0 .. 150 

0 .294 

7 . 5 FEET 

SNOW WATER 1 . 96 

MAXIMUM VEG SOIL WATER (VOL/VOL) 

MINIMUM VEG . SOIL WATER (VOL/VOL) 

15972,000 

0 . 0000 

58 . 60678 

16 . 35556 

15 . 87103 

0 . 00493 

19603 . 2383 

0 . 4540 

0 . 0783 

*** 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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********************·*************************************i******************** 

FINAL WA1ER STORAGE AT END OF YEAR 2006 

LAYER (INCHES) (VOL/VOL) 
-------- ---------

1 3 2511 0 . 2 709 

2 74 . 0310 0 1763 

3 7 .1858 0.1996 

4 0.3881 0 . 0323 

5 0 . 0000 0.0000 

6 0 . 3959 0 . 0330 

7 0 . 0000 0 . 0000 

8 15 3720 0 . 4270 

SNOW WATER 0 . 000 

*****************************************•**********************************~* 
********•**•****************************************************************** 
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****************************************************************************** 
*******•********************************************************************** 

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

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3 "07 (1 NOVEMBER 1997) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCIION ENGINEERING LABORATORY 

** 
** 
** 
** 

** 

** 
** 

*******************************************~********************************** 
****************************************************************************** 

PRECIPIIATION DATA FILE: C: \HELP3\HANFORD\CN1 \PREC31 "D4 
'IEMPERATURE DATA FILE: C:\HELP3\HANF'ORD\CN1\TEMP31 .D7 
SOLAR RADIATION DATA FILE: C:\HELP3\HANFORD\CN1\RAD31 . D13 
EVAPOTRANSPIRATION DATA: C:\HELP3\HANFORD\CN1\HANFORD2 "Dll 
SOIL AND DESIGN DATA FILE: C: \HELP3\HANF'ORD\CN1 \3FLR-35 , Dl 0 
OUTPUT DATA r ILE: C: \HELP3\HANE"ORD\CN1 \3FLR-35 .. OUT 

TIME: 14:32 DATE: 9/28/2007 

++++++++++++++++•++++++++++++++++++++•w+++++++++++++++++++++++•+++++++++****** 

TITLE: HF FLR: 3%,50',12"GRAV@0 . 05 CM/S,GOOD FML,3'0PS,35' WASTE 

********************************~******************************~************** 

NOTE: INITIAL MOISTURE CONIENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 6 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
Efl'ECTIVE SAT . HYO .. COND. 

Design Analysis Variance Report ERDF Cells 7-10 
October 2007 

12 . 00 INCHES 
0 . 4530 VOL/VOL 
0 . 1900 VOL/VOL 
0 . 0850 VOL/VOL. 
0. 3361 VOL/VOL 

0 . 720000011000E-03 CM/SEC 
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LAYER 2 

TYPE 1 - VERfICAL PERCOLATION LAYER 
MATERIAL 1 EXTURE NUMBER 5 

TH ICKNESS 420 . 00 INCHES 
POROSITY 0 . 4570 VOL/VOL 
FIELD CAPACI'I'i 0 .1310 VOL/VOL 
WILTING POINT 0 .. 0580 VOL/VOL 
INI1IAL SOIL WATER CONTENT 0.1 304 VOL/VOL 
EFFECfIVE SAT . HYD COND.. 0.100000005000E-02 CM/ SEC 

LAYER 3 

TYPE 1 - VERTICAL PERCOLATI ON LAYER 
MATERIAL TEX1URE NUMBER 6 

THICKNESS 36 .. 00 INCHES 
POROSI IY 0 . 4530 VOL/VOL 
EIELD CAPACITY O .1900 VOL/VOL 
WILI ING POINT O . 08 50 VOL/VOL 
INITIAL SOIL WAIER CONTENT 0 . 1900 VOL/VOL 
EFFECTIVE SAT . HYD . COND - 0 . 7200000110 00E- 03 CM/SEC 

LAYER 4 

TYPE 2 - LAIERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS 12 .. 00 INCHES 
POROSI TY O 3970 VOL/VOL 
FIELD CAPACITY O. 0320 VOL/VOL 
WILTING POINr 0 .. 0130 VOL/VOL 
INITIAL SOIL WATER CONTENI O .. 0320 VOL/VOL 
EFFECTIVE SAT . HYD , COND .. 0 .500000007000E-Ol CM/SEC 
SLOPE 
DRAINAGE LENGTH 

LAYER 5 

3 .. 00 
50 . 0 

PERCENT 
FEET 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTORE NUMBER 35 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

Design Analysis Variance Report ERDF Cells 7-10 
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0 .. 06 
0 . 0000 
0 . 0000 
0 .0000 

INCHES 
VOL/VOL 
VOL/VOL 
VOL/VOL 
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0 . 0000 VOL/VOL INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT . HYD . COND .. 
F'ML PINHOLE DENSIIY 
FML INSTALLATION DEFEC1S 
FML PLACEMEN! QUALI 'TY 

0 199999996000E-12 CM/SEC 
1 .00 HOLES/ACRE 
4.00 HOLES/ACRE 

= 3 - GOOD 

LAYER 6 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS 12 . 00 INCHES 
POROSITY 0 3970 VOL/VOL 
FIELD CAPACITY 0 . 0320 VOL/VOL 
WILTING POINI 0. 0130 VOL/VOL 
INITIAL SOIL WATER CONTENT 0 .. 0320 VOL/VOL 
EFFECTIVE SAT . HYO . COND. 0 . 500000007000E-Ol CM/SEC 
SLOPE 3 .. 00 PERCENT 
DRAINAGE LENGTH 200 0 FEET 

Ll\YER 7 

rYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS 0 .. 06 INCHES 
POROSITY 0 .0000 VOL/VOL 
FIELD CAPACirY O. 0000 VOL/VOL 
WILTING POINI o . oooo · voL/VOL 
INI'I IAL SOIL WATER CONTENT O .. 0000 VOL/VOL 
EFFECTIVE SAT . HYO COND . 0 .199999996000E-12 CM/SEC 
fML PINHOLE DENSITY 1 , 00 HOLES/ACRE 
FML INSTALLATION DEfECfS = 4 . 00 HOLES/ACRE 
fML PLACEMENT QUALIIY 3 - GOOD 

LAYER 8 

TYPE 3 - BARRIER 
MATERIAL TEXTURE 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONIENT 
EFFECTIVE SAT . HYO . COND . 

F,IPROJECIS\21161351\Ch.tn&< No•« I\Hdp\3FLR-35 do, 
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SOIL LINER 
NUMBER 16 

3 6 . 00 INCHES 
0 . 42 70 VOL/VOL 
0 . 4180 VOL/VOL 
0 .. 3670 VOL/VOL 
0 .. 4270 VOL/VOL 

0 . 100000001000E-06 CM/SEC 
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GENERAL DESIGN AND EVAPORAI IVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECI FIED . 

SCS RUNOFF CURVE NUMBER 89 . 50 
FRACTION OF AREA ALLOWING RUNOFF o.o PERCENI 
AREA PROJECIED ON HORIZONTAL PLANE 2 .620 ACRES 
EVAPORATIVE ZONE DEPTH 16 , 0 INCHES 
INIT I AL WATER IN EVAPORA1 IVE ZONE 4 .. 284 INCHES 
OPPER LIMIT OF EVAPORATIVE S1 0RAGE 7 . 264 INCHES 
LOWER LIMIT Of EVAPORA I IVE STORAGE 1 .252 INCHES 
INITIAL SNOW WAIER 0 . 189 INCHES 
INITIAL WATER IN LAYER MATERIALS 81 . 766 INCHES 
TOTAL INITIAL WATER 81 .955 INCHES 
TOTAL SUBSURFACE INFLOW 0 . 00 INCHES/YEAR 

EVAPOIRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPI RATION DATA WAD 0D1AI NED FROM 
HANFORD WASHINGTON 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DAI E) 
END OF GROWING SEASON {JULIAN DATE) 
EVAPORA1IVE ZONE DEPTH 
AVERAGE ANNUAL WI ND SPEED 
AVERAGE 1ST QUARTER RELA1IVE HUMIDITY 
AVERAGE 2ND QOAR1ER RELATIVE HUMIDI1Y 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

NOTE: PRECIPITATION DATA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE . 

NOTE : TEMPERATURE DATA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE . 

46 . 55 DEGREES 
0 . 00 

103 
288 

16 . 0 INCHES 
7 .. 60 MPH 

68 .. 20 % 
43 , 30 % 
3 7.. 1 0 % 
70 .. 10 % 

WASHINGTON 

WASHINGTON 

NOTE: SOLAR RADIATION DATA FOR HANFORD WASHINGTON 
WAS ENTERED FROM AN ASCII DATA FILE 

F·IPROIECTS\ll86\35JIC1,,ns,. Nolice l\lldpUFIJl-lS doc 
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*************** * ** * *** ** * ******** ***** * * ** ********** * ********** * ************* * * 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 IHROUGH 2006 

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

PRECIPITATION 

TOTALS 

STD.. DEVIATIONS 

RUNOFF 

TO'IALS 

STD . DEVIATIONS 

EVAPOTRANSPIRATI ON 

TOTALS 

STD . DEVIATIONS 

1.01 
0 .21 

0 . 63 
0 . 32 

0 . 000 
0 . 000 

0 .. 000 
0 . 000 

0 . 484 
0 . 361 

0 . 336 
0 .. 299 

0 . 72 
0 . 16 

0 . 48 
0 . 24 

0 . 000 
0 .. 000 

0 . 000 
0 . 000 

0 .. 603 
0 .. 241 

0 . 489 
0 .186 

LATERAL DRAI NAGE COLLECTED fROM LAYER 4 

TOTALS 

STD . DEVIATIONS 

0 . 0407 
0 ,, 0442 

0.0495 
0 . 04 81 

0 . 0354 
0 . 03 63 

0 .0432 
o .. 0457 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

TOTALS 

STD DEVIATIONS 

0 . 0083 
0 . 008B 

0 . 0085 
0 . 0086 

0 . 0073 
0 .. 0074 

0 . 0074 
0 . 00B1 

LATERAL DRAI NAGE COLLECTED FROM LAYER 6 

r OTALS 

STD . DEVIATIONS 

0 . 0083 
0 . 0092 

0 0084 
0 .00B5 

0 ., 0074 
0 . 0078 

0 . 0075 
0 0083 

PERCOLATION/LEAKAGE THROUGH LAYER 8 

F·\PROIECTS\2116\l l l\ChAni:< Noaoc, I\Fldp\JFLR-35 doc 

Design Analysis Variance Report ERDF Cells 7-10 
October 2007 

0 . 56 
0 .34 

0 45 
0 . 33 

0 000 
0 . 000 

·0 . 000 
0 . 000 

1.210 
0 . 204 

0 , 601 
0 .101 

0 . 0420 
0 . 0316 

0 . 04 77 
0 . 0434 

0 . 00B6 
0 . 0066 

0 . 0082 
0 .0078 

0 . 00B4 
0 .. 0066 

0 .0081 
0 .0078 

0 . 55 
0 57 

0 .. 50 
0 . 52 

0 .. 000 
0 .. 000 

0 .000 
0 . 000 

0 . 684 
0 357 

0 .393 
0 ,397 

0 . 0438 
0 . 0343 

0 . 0462 
0 , 0429 

0 . 0090 
0 .0072 

0 . 0079 
0 . 0077 

0 .0088 
0.0071 

0 . 0079 
0 . 0078 

0 . 53 
0 . 89 

0 .34 
0 . 63 

0 000 
0.000 

0 .. 000 
0 .. 000 

0 . 463 
0 . 442 

0 300 
0 .. 328 

0 .0499 
0 . 0361 

0 . 0515 
0 . 0424 

0 . 0100 
0.0075 

0 , 0088 
0 .0076 

0 . 0098 
0 . 0074 

0 . 0086 
0 .0075 

0 ., 5 3 
1 ., 24 

0 . 42 
0 . 86 

0 . 000 
0 , 000 

0 .. 000 
0 , 000 

0 . 539 
0 ., 525 

0 .·399 
0 . 238 

0 . 0500 
0 . 0402 

0 . 0497 
0 , 0466 

0 . 0099 
0 .. 0083 

0 . 0086 
0 ., 0081 

0 . 0099 
0 ,0082 

0 . 0086 
0 . 0081 
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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 OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ON TOP OF LAYER 5 
-------------------------------------

AVERAGES 0 . 0077 0 .0074 0.0080 0 . 0086 0 . 0095 0 .0098 
0 . 0084 0 . 0069 0 . 0062 0.0065 0 . 0071 0 . 0076 

STD . DEVIATIONS 0 .. 0094 0 . 0091 0 .0090 0.0091 0 .0098 0.0097 
0 .. 0091 0 0087 0.0085 0 .. 0081 0 .0083 0.0088 

DAILY AVERAGE HEAD ON TOP OF LAYER 7 
-------------------------------------

AVERAGES 0 . 0063 0 . 0062 0 .. 0064 0 . 0069 0 . 0074 0 . 0078 
0 .. 0070 0 0060 0 .0052 0 . 0054 0 .0058 0 . 0062 

STD DEVIATIONS 0 .0064 0 . 0063 0 . 0062 0 .. 0062 0 . 0065 0 . 0068 
0 .. 0065 0 .. 0063 0 . 006 1 0 . 0059 0 . 00S9 0 . 0061 

********************************~********************************************** 

****************************************************************************T** 

AVERAGE ANNUAL TOTALS & (SID . DEVIATIONS) FOR YEARS 1955 THROUGH 2006 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRA1ION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH 
LAYER 5 

AVERAGE HEAD ON TOP 
OF LAYER 5 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 6 

PERCOLATION/LEAKAGE THROUGH 

'f·\PR.OJECTS\2186\351\0iange Notice I\Hdp\lFl..R-3S do<; 

INCHES 
-------------------

7 . 30 2 . 032) 

0 . 000 0 .. 0000) 

6 .114 1 .5253) 

0 . 48456 0 . 52209) 

0 . 09893 ( 0 . 09166) 

0 . 008 ( 0 .008) 

0 09885 ( 0 . 09189) 

0 .. 00001 ( 0 .00001) 

Design Analysis Variance Report ERDF Cells 7-10 
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cu . FEET PERCENT 
------------- ---------

69424 3 100 .00 

0 . 00 0.000 

58151 .. 72 83 . 7 63 

4608 .444 6 . 63808 

940.855 1 . 35522 

940 . 084 1. 35411 

0 . 114 0 . 00016 
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LAYER 8 

AVERAGE HEAD ON 1OP 
OF LAYER 7 

CHANGE IN WAfER STORAGE 

0 .006 ( 

0 . 602 

0 006) 

1 . 4563) 5723 . 95 

WCH-195 
Rev. 0 

Sheet 7 of9 

8 .245 

******************+*************************T********************************** 

f ·ll'RO!ECTS\2116\l5J\Olange NOiie• J\lldp\Jfl.ll-!5 doc 
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** *** ** ** * * * ** * ***. r .... *** ..... *** **.* *** *** ***** ...... ******. * ****** * ** * * ** ** .. * **** 

PEAK DAILY VALUES fOR YEARS 1955 IHROUGH 2006 
---· -------------------------------- ·------------------------------------

PRECIPITA'I ION 

RUNOH 

DRAI NAGE COLLECTED FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

AVERAGE HEAD ON TOP OE LAYER 5 

MAXIMUM HEAD ON TOP OF LAYER 5 

LOCATION OF MAXIMUM HEAD IN LAYER 4 
(DISTANCE FROM DRAIN) 

DRAINAGE COLLECTED FROM LAYER 6 

PERCOLATION/LEAKAGE !HROUGH LAYER B 

AVERAGE HEAD ON TOP OF LAYER 7 

MAXIMUM HEAD ON TOP OF LAYER 7 

LOCATION Of MAXIMUM HEAD IN LAYER 6 
(DISTANCE FROM DRAIN) 

SNOW WATER 

MAXIMUM VEG .. SOIL WATER (VOL/VOL) 

MINIMUM VEG . SOIL WATER (VOL/VOL) 

(INCHES) 

1.60 

0 . 000 

0 . 00650 

0 .001045 

0 .. 03B 

0 .075 

0 9 FEET 

0 00103 

0 . 000000 

0 021 

0 ,048 

3. 7 FEET 

1. 96 

(CU f'I , ) 

15216 . 960 

0 . 0000 

61 . 79332 

9 . 93560 

9 ,83923 

0 .. 00095 

1B676 . 5391 

0 . 4540 

0 . 0783 

*** Maximum heads are computed using McEn:roe's equations .. *** 

Reference: Maximum Saturated Depth ove:r Landfill Line:r 
by B:ruce M. McEnroe, Unive:rsity of Kansas 
ASCE Jou:rnal of Envi:ronmental Enginee:ring 
Vol. 119, No 2, Ma:rch 1993, pp 262-270 .. 

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

f \PP.OJECTS\2116\3~1\Cl,ange Noace ll!ldp\3PUl-JS do,; 
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*************************~**************************************************** 

FINAL WATER STORAGE AT END OF YEAR 2006 

-------------------------------·--------------------------------------
LAYER (INCHES) (VOL/VOL) 

-------- ---------
1 3 .2511 0 .2709 

2 74 0310 0 .. 1763 

J .. 1858 0 .1996 

4 0 . 3864 0 . 0322 

5 0 .0000 0 . 0000 

6 0.3862 0 . 0322 

7 0 .0000 0.0000 

8 15 . 3720 0 .4270 

SNOW WATER 0 000 

********************************************************•********************* 
******************•********************** *************************~*********** 

F·\l'ROJECTS\lll6\JSI\Chanp Noli"' IIHelpUFLR·JS doc 
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****************************************************************************** 
************************~***************************************************** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3 . 07 ( 1 NOVEMBER 1997) 

DEVELOPED BY ENVIRONMENTAL. LABORATORY 
USAE WA1ERWAYS EXPERIMENT STAIION 

f'OR USEPA RISK REDUCTION ENGINEERING LABORATORY 

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

****************************************************************************** 
*****~*****************T**~************************************* * ************* 

PRECIPITATION DATA FILE: 
TEMPERATURE ' DAIA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OU1.PU1 DATA FILE : 

C: \HELP3\HANF'ORD\CN1 \PRBC31 . D4 
C:\HELP3\HANFORD\CN1\TEMP31 . D7 
C:\HELP3\HANFORD\CN1\RAD31 . D13 
C: \HELP3\HANFORD\CN1 \HANF'ORD2 011 
C:\HELP3\HANF'ORD\CN1\SS-35 . D10 
C: \HELP3\HANF'ORD\CN1 \SS-35 . OUT 

TIME : ]4:33 DATE: 9/28/2007 

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

TITLE: HANFORD SIDESLPPE-33%,255',GEOCOMP,3' OPS,GOOD FML,35 1WAS1E 

*********************** * *************************·***************************** 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY- STATE VAtUES BY THE PROGRAM . 

LAYER 1 

TYPE 1 - VERTICAL PERCOLA1ION LAYER 
MATERIAL TEXTURE NUMBER 6 

THI CKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POIN1 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT . HYO . COND 

f •\PROJl!CTS\2116\JSl\0,"'it Notice l\Htlp\SS-35 doe 
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12 . 00 INCHES 
0 . 4530 VOL/VOL 
0 .. 1900 VOL/VOL 
0 .. 08 50 VOL/VOL 
0.3160 VOL/VOL 

0 . 720000011000E-03 CM/SEC 
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LAYER 2 

TYPE l - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 5 

THICKNESS 420 - 00 INCHES 
POROSITY 0.4570 VOL/VOL 
FIELD CAPACITY 0 .1310 VOL/VOL 
WILTING POINI 0 . 0580 VOL/VOL 
I NITIAL SOIL WATER CONTENT 0 . 1321 VOL/VOL 
EFF ECTIVE SAT , HYD . COND . 0 100000005000E-02 CM/SEC 

LAYER 3 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MAIERIAL TEXTURE NUMBER 6 

THICKNESS 36 . 00 INCHES 
POROSI1Y 0.4530 VOL/VOL 
FI ELD CAPACIIY . 0 .1900 VOL/VOL 
WILTING POINT 0 .0850 VOL/VOL 
INITIAL SOIL WATER CONrENI 0 . 1900 VOL/VOL 
EFFECTIVE SAT . HYO COND _ 0 . 720000011000E-03 CM/SEC 

LAYER 4 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 34 

THICKNESS 0 .50 INCHES 
POROSITY 0 .. 8500 VOL/VOL 
flELD CAPACITY 0 .0100 VOL/VOL 
WILTING POINI 0 .0050 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.0100 VOI,,/VOL 
EFFECTIVE SAT . HYD - COND . 33.0000000000 
SLOPE 33 . 00 PERCENT 
DRAINAGE LENGTH 255 .0 FEET 

LAYER . 5 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POI NT 

F;\PROJECTS\2116USI\Cha.ng• Notice l\Hel~S-3' doc 
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0 . 06 INCHES 
0 . 0000 VOL/VOL 
0 . 0000 VOL/VOL 
0 . 0000 VOL/VOL 

CM/SEC 

WCH-195 
Rev. 0 

Sheet2 of9 
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INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL 
EFFECTIVE SAT . HYD . COND . 0 . 19999999 6000E-12 CM/SEC 
FML PINHOLE DENSITY 1 . 00 HOLES/ACRE 
FML INSTALLATION DEFECTS 4 00 HOLES/ACRE 
FML PLACEMENT QUALIIY _3 - GOOD 

LAYER 6 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 34 

THICKNESS 0 .50 INCHES 
POROSITY 0.8500 VOL/VOL 
FIELD CAPACITY 0 .. 0100 VOL/VOL 
WILTING POINT 0 . 0050 VOL/VOL 
INITIAL SOIL WAIER CONIENT 0 . 0100 VOL/VOL 
EFFECTIVE SAT . HYO. COND . 33 .0000000000 CM/SEC 
SLOPE 33.00 PERCENT 
DRAINAGE LENGTH 255.0 FEET 

LAYER 7 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS O 0 6 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 . CON D. 0 .199999996000E-12 CM/SEC 
FML PINHOLE DENSITY 1 .00 HOLES/ACRE 
FML INSTALLATION DEFECTS 4 .. 00 HOLES/ACRE 
FML PLACEMENT QUALITY 3 - GOOD 

LAYER 8 

TYPE 3 - BARRIER 
MATERIAL 1EXTURE 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT HYO , COND . 

F\P1lOJECl'S\2116\JSJ\O,m,•eNo<i« 1\Jldp\SS-lS do, 
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= 

SOIL LINER 
NUMBER 16 

36 .. 00 INCHES 
0 .42 70 VOL/VOL 
0 .41 80 VOL/VOL 
0.3670 VOL/VOL 
0.4270VOL/VOL 

O. lOOOOOOOlOOOE-06 CM/SEC 

WCH-195 
Rev. 0 

Sheet 3 of9 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE# 6 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 33 . % AND 
A SLOPE LENGTH OF 281 , FEET . 

SCS RUNOFF CURVE NUMBER 86 . 80 
FRACTION OF AREA ALLOWING RUNOFF 0 .. 0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE - 3 .. 000 ACRES 
EVAPORATIVE ZONE DEPTH 16 . 0 INCHES 
INITIAL WATER IN EVAPORA'I I VE ZONE 4 . 042 INCHES 
UPPER LIMIT OF EVAPORAIIVE STORAGE 7 .264 INCHES 
LOWER LIMIT OF EVAPORATIVE STORAGE 1 252 INCHES 
INITIAL SNOW WATER 0 189 INCHES 
INITIAL WATER IN LAYER MATERIALS 8L514 INCHES 
'IOIAL INIIIAL WATER 81 .. 703 INCHES 
IOIAL SUBS URFACE INFLOW 0 .. 00 INCHES/YEAR 

EVAPO'IRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
HANFORD WASHINGTON 

STATION LATIIUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
ENO OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QOARIER RELATIVE HUMIDITY 
AVERAGE 2N D QUARTER RELATIVE HUMI DI TY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

NOTE: PRECIPITATION DATA FOR HANFORD 
WAS ENTERED FROM AN .ASCII DATA FI LE . 

NOTE: TEMPERATURE DATA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE. 

NOTE: SOLAR RADIATION DATA FOR HANFORD 
WAS ENTERED FROM AN ASCII DATA FILE . 

f :IPROlECTS\2IINSI\Cbon111 Notice J\Hclp\SS-JS doc 

46 .. 55 DEGREES 
0.00 

103 
288 

16 .0 INCHES 
7 . 60 MPH 

68 . 20 % 
43 .. 30 % 
37..10 % 
70 .. 10 % 

WASHING'ION 

WASHINGTON 

WASHINGTON 
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*****************************************************************************~* 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006 

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

PRECIPITATION 

TOTALS 

STD. DEVIA'IIONS 

RUNOFF 

TOTALS 

STD . DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD .. DEVIATIONS 

1. 01 
0 .21 

0 .. 63 
0 .32 

0 . 000 
0 .. 000 

0 . 000 
0 . 000 

0 .. 450 
0 .. 238 

0 .246 
0 . 213 

0 .. 72 
0 . 16 

0 48 
0 . 24 

0 . 000 
0 .000 

0 . 000 
0 .. 000 

0 528 
0 .1 75 

0 . 358 
0.109 

LAIERAL DRAINAGE COLLECTED FROM LAYER 4 

TOTALS 

STD . DEVIATIONS 

0 .1193 
0 . 1071 

0 . 1048 
0 . 0847 

0 . 1167 
0 . 0985 

0 . 0890 
0.0936 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

TOTALS 

STD. DEVIATIONS 

0 . 0083 
0 . 0081 

0 . 0055 
0 . 0049 

0 . 0081 
0 .0077 

0 . 0050 
0 . 0049 

LATERAL DRAINAGE COLLECTED FROM LAYER 6 

TOTALS 

STD. DEVIATIONS 

F.\PtlOJECTS\2116\351\Cb~ce Notice I\Relp\,S-J5 dat 

0 .. 0083 
0 . 008 1 

0 . 0055 
00049 

0 . 0081 
0 . 0077 

0 . 0050 
0 .. 0049 
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0 . 56 
0 . 34 

0 45 
0 . 33 

0 .. 000 
0 .000 

0 . 000 
0 . 000 

1 .110 
0 .163 

0 . 556 
0 . 069 

0 .1 263 
0 .. 0907 

0 0885 
0 . 0980 

0 . 0090 
0 . 0068 

0.0052 
0 .. 0053 

0 0090 
0 . 0068 

0.0052 
0 . 0053 

0 .. 55 
0 . 57 

0 50 
0 52 

0 .. 000 
0 000 

0 . 000 
0 . 000 

0 631 
0.314 

0.435 
0 . 351 

0 . 1108 
0 . 0967 

0 . 0832 
0 .0984 

0 . 0083 
0 . 0074 

0 .0047 
0 . 0050 

0 . 0083 
0 . 0074 

0 .0047 
0 . 0050 

0.53 
0 . 89 

0 . 34 
0 . 63 

0 . 000 
0 .000 

0 . 000 
0 000 

0 . 349 
0 . 395 

0 .251 
0 .21 8 

0 .1155 
0 1097 

0 . 0868 
0 . 0969 

0 .0085 
0 .0080 

0 . 0050 
0 . 0050 

0 .0085 
0 . 0080 

0 . 0050 
0 . 0050 

0 .. 53 
1 24 

0 . 42 
0 . 86 

0.000 
0 .. 000 

0 . 000 
0 . 000 

0.341 
0 . 442 

0 .. 302 
0 .158 

0 . 1038 
0 . 1209 

0 . 0825 
0 .1087 

0 . 0078 
0 . 0085 

0 . 0049 
0 .. 0054 

0 .. 0078 
0 . 0085 

0.0049 
0.0054 
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PERCOLAIION/LEAKAGE THROUGH LAYER 8 
------------------------------------

TOTALS 0 . 0000 0.0000 0 .0000 0 .0000 0 . 0000 0 . 000 0 
0 0000 0 . 0000 o .. 0000 0.0000 0.0000 0 . 0000 

STD . DEVI ATI ONS 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 OF MONIHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ON TOP OF LAYER 5 
-------------------------------------

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 

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 

DAILY AVERAGE HEAD ON TOP OF LAYER 7 

-------------------------------------
AVERAGES 0 . 0000 0 .0000 0 .. 0000 0 .0000 0 . 0000 0 . 0000 

0 . 0000 0 . 0000 0 .. 0000 0 0000 0 0000 0 . 0 000 

STD DEVIATIONS 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 00 00 0 .0000 
0 .0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 

******** * ******** * ** *** * ***********************~*********** ******* ******* * *** ** 

*****~*************************** * **** * **************************************** 

AVERAGE ANNUAL TOTALS & (STD .. DEVI ATIONS) FOR YEARS 1955 THROUGH 2006 

PRECIPITATION 

RONOH 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLATION/LEAKAGE 1HROUGH 
LAYER 5 

AVERAGE HEAD ON TOP 
OF LAYER 5 

LATERAL DRAINAGE COLLECTED 

'F \PROJECTSU.11&\lS J\Olanec: Nociix I\Hclp\SS-lS do, 

INCHES 
-------------------

7 . 30 2 . 032) 

0 . 000 0 . 0000) 

5 .135 l.1901) 

1 . 31594 0.99454) 

0 . 09641 ( 0.05608) 

0 . 000 ( 0 . 000) 

0 . 09641 ( 0.05608) 

Design Analysis Variance Report ERDF Cells 7-10 
October 2007 

cu .. FEET PERCENT 
------------- ---------

79493 5 100 . 00 

0 . 00 0 .. 000 

55923 . 12 70 . 349 

14330 . 568 18 .. 02735 

1049 882 1 . 32071 

1049 . 881 1 . 32071 
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FROM LAYER 6 

PERCOLATION/LEAKAGE THROUGH 0 . 00000 
LAYER 8 

AVERAGE HEAD ON TOP 0 . 000 ( 
OF LAYER 7 

CHANGE IN WATER STORAGE 0 . 752 

F·\PROIECTS\21 IN SI\Chanae Notice I\H.lp\SS·l5 doc 
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( 0 . 00000) 0 . 000 

0 .000) 

1. 8036) 8 1 89 . 92 
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0 .. 00 000 

10 .. 303 
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*********************************************************** ~****************** 

PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006 

(INCHES) (CU . Fl ) 

17424.000 

0 . 0000 

203 77544 

8 . 59934 

PRECIPITATION 

RUNOFF 

DRAINAGE COLLECIED [ROM LAYER 4 

PERCOLAIION/LEAKAGE THROUGH LAYER 5 

AVERAGE HEAD ON TOP OF LAYER 5 

MAXIMUM HEAD ON TOP OF LAYER 5 

LOCA1ION OF MAXIMUM HEAD IN LAYER 4 
(DISTANCE FROM DRAIN) 

1 . 60 

0 .. 000 

0 01871 

0.000790 

0 . 000 

0 .093 

DRAINAGE COLLECTED FROM LAYER 6 

PERCOLATION/LEAKAGE THROUGH LAYER 8 

0 .. 0 FEET 

0 .00079 

0 . 000000 

0 . 000 

0 . 122 

8 59934 

0 . 00000 

AVERAGE HEAD ON TOP OF LAYER 7 

MAXIMUM HEAD ON TOP OF LAYER 7 

LOCATION OF MAXIMUM HEAD IN LAYER 6 
(DISTANCE FROM DRAI N) 

SNOW WATER 

0 . 0 FEET 

1 . 96 21385 . 3496 

MAXIMUM VEG , SOIL WATER (VOL/VOL) 

MINIMUM VEG . SOIL WATER (VOL/VOL) 

0 . 4325 

0 . 0782 

*** 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. 

*** 

* * * * * * **** ****** * * ******** * * * * * *** * ** * ..... * * *** ******"* ** * * ** * ** **** **** ** ** * * ** * 

F·\PROIECTS\2186\lS 1\Chon<c Nori<1: lll!.lp\SS-lS doe 
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****************************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 2006 

LAYER (INCHES) (VOL/VOL) 
-------- ---------

1 2 8896 0 .. 2408 

2 78 .. 9820 0 .. 1881 

3 7 7631 0.2156 

4 0 0051 0 . 0101 

5 0 ,0000 0 . 0000 

6 0 . 0050 0 .0100 

7 0 0000 0 . 0000 

8 15 . 3720 0 . 4270 

SNOW WATER 0 . 000 

********* ~*********************~********************************************** 
******************'************************************•······················· 

l'·IPROJECTS\2116\lSI\Olanc• 11<,uoe l\Hclp\SS-lS doc 
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Weaver Boos Consultants, LLC 

Calculation Cover Sheet 

Project Title: ERDF Cells 7-10 

Area: 600 Area 

Discipl ine: Civi.I 

Subject: Leachate Tank Capacity Calculations 

Computer Program: 

Computer Program Version: 

Job No. 

Cale. No. 

14655 

0060-SC-T-002 

Use of this calculation by persons who do not have access to all of the pertinent facts could lead to incorrect 
conclusions or assumptions. Before applying this calculation to your work, this calculation must be throughly 
reviewed with appropriate and authorized Hanford Site personnel. Without this review, these personnel cannot 
assume responsibility for the use of these calculations. 

Committed Calculation X Preliminary OsupersededO Voided • 
Rev. Sheet Numbers Originator Checker 

Cover - 1 sheet 

~ ~ Cale. - 1 sheet 
0 Att. 1 - 2 sheets 

Steve Niehoff Mark Sieracke 
Total= 4 sheets 

Summary of Revisions 
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John Bries! 7/29/2007 
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Calculation No . 0060-SC-T-002 

Made By ____.fil:L 
Chkd By _J_B_ 

Date 
Date 

07/09/07 
07/09/07 

Subject Leachate Storage Tank Calculation 
Hanford ERDF 

Objective: 

Methods: 

Given: 

To verify that the existing storage tanks continue to provide the storage capacity required to meet the storage 
requirement criteria specified in the design analysis. 

The required leachate storage tank capacity will be based on the 25-year, 24-hour storm event for a one lined, 
open cell. References are shown below: 

ERDF Cells 5 & 6 Design Analysis Variance Report (CCN 117640) 
Constuction Subcontract Drawings prepared for Delhur Industries, Inc. - Subcontract No. : 0600X-SC­

G0002. Section 13205 - Lined Bolted Steel Liquid Storage Tanks 
Design Analysis (BHl-00355, Rev. 0) 

The following parameters are used to perform the storage tank calculations: 

Area of one lined cell= 8.36 acres (Cells 7-10) (8.3551 rounded to 8.36 acres) 
25-year, 24-hour storm event= 1.28 inches (from ERDF Cells 5 & 6 DAVR) 
Height of existing storage tank = 8.12 feet 
Diameter of existing storage tank ' 81 feet 
Assume tanks are completely empty for calculating factors of safety. 

Calculations: The required leachate storage volume is calculated by assuming that all of the precipitation from the 25-year, 24-
hour storm is captured in a single lined cell. This volume is calculated as shown below: 

0.11 ft 25-yea~, 24-hour storm event = 

Area of one lined, open cell= 

1.28 inches 

8.36 acres 

38,821 ft3 

363948 ft2 (uses 8.3551 acres) 

Volume of leachate from one open cell = 

The available storage volume in the each of the existing leachate storage tanks is then calculated as shown 

Diameter of storage tank = 
Cross-sectional area = 
Maximum leachate height in tank 

Volume of each storage tank= 
Number of storage tanks = 
Total available storage volume = 

81 feet 
5, I 53 square feet 

6 feet {assume 2' freeboard in tank) 

30,918 ft3 

2 
61,836 ft3 

The factor of safety is calculated by dividing the available volume in the leachate storage tanks by the calculated 
volume of leachate storage needed: 

FS = 1.59 

The available leachate storage tank is adequate to contain the calculated volume. 

The factor of safety including the open cell plus leachate pumped from the cells: (This information was 
provided WCH on 9/25/07) 

Volume of leachate from one open cell= 

Volume of leachate pumped from cells= 

Total Available Storage= 
FS=l.38 

38,821 ft3 

6,016 ft3 As provided by WCH: 9 cells at 5.000 gaVwcclc/cell 

ft' 
44 ,837 

61 ,836 ft3 
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Subject. HDPE Pipe Strength Calculations 

Computer Program: 

Computer Program Version: 
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Use of this calculation by persons who do not have access to all of the pertinent facts could lead to incorrect 
conclusions or assumptions. Before applying this calculation to your work, this calculation must be throughly 
reviewed with appropriate and authorized Hanford Site personnel. Without this review, these personnel cannot 
assume responsibility for the use of these calculations. 
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Cover - 1 sheet 
Cale. - 10 sheets 
Figures - 2 sheets 
Alt. 1 - 12 sheets 

'\1-1 t/o, 
Mark Sieracke Brian Horvath 

Total = 25 sheets 

Summarv of Revisions 

Design Analysis Variance Report ERDF Cells 7-10 
October 2007 

John Briest 7/29/2007 

Page 104 of 345 

C-1 



WCH-195 
Rev. 0 

Weaver Boos Consultants, LLC 

Sheet1 of 1Q 
File No. 2186-351-11 

Caiculation No. 0060-SC-T-003 

MadeBy_fili_ 
Chkd By _____J]i 

Date 
Date 

6/20/07 
8/01/07 

Subject HOPE 6" Transducer Access Pjpe Calculations 
Hanford ERDF Bottom Liner Desi~ 

Objective: 

Methods: 

Given: 

To calculate the static loads on the HOPE transducer access pipes that will be used in the bottom liner system 
beneath Cells 7-10. These loads are then compared to the allowable stresses on the selected pipe. 

For pipes placed in an embankment above the water table, the earth loading applied to the pipe is calculated as a 
prism of soil with a width equal to the pipe diameter, and a height equal to the depth of fill over the pipe. This 
loading is used to calculate the stresses on the pipe due to compression, buckling, and ring bending strain. 
References are listed below: 

Chevron Phillips Chemical Company LP (2003). "Performance Pipe Engineering Manual". Bulletin PP 
900, September 2003. 

U.S. Environmental Protection Agency (2002). "Assessment and Recommendations for Improving the 
Performance of Waste Containment Systems." U.S. EPA, EPA/600/R-02/099. 

The transducer access pipes will consist of six-inch diameter high-density polyethylene (HOPE) pipes. The 
pipes will be perforated to allow liquid to enter, and installed in the gravel drainage layer. The piping must be 
designed to withstand the overlying loads, including those imposed by the final cover system. The unit weights 
and thicknesses of the various earth loading layers are summarized below and in the attached figures: 

Overburden Layer Thickness (ft) Unit Wt. (pcf) A pp lied Load (psi) 

Final Cover 18 120 2,160 

Waste 91 140 12,740 

Operations Layer 3 130 390 

Drainage Layer 6.5 130 845 •Thickness calculated to top 

TOTAL 16,135 of pipe. 

The pipes arc assumed to be constructed of high-density polyethylene Typical pipe properties are shown below: 

Pipe design ratio (DR) = 
Nominal pipe diameter= 
Wall thickness (t) = 
Pipe outer diameter (D O ) = 
Avg. inner diameter (D 1) = 
Design compressive stress ( cr0) = 
Long-term elastic modulus (E) = 
Ring buckling strain limits = 
Perforation frequency = 
Perforation diameter = 

11 
6 inches 

0.602 inches 
6.625 inches 
5.373 inches 

800 psi (from Ref. I) 

29,900 psi (from Ref. I, assuming 60° F) 
4.2% of diameter (conservative, from Ref. I) 

2 holes per foot 
0.500 inches 
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Calculation No. 0060-SC-T-003 

Made By ____filL 
ChkdBy _ll! 

Date 
Date 

6/20/07 
8/01/07 

Subject HOPE 6" Transducer Access Pipe Calculations 
Hanford ERDF Bottom Liner Design 

Calculations: Adjustment for Perforations 
The prism load applied to the top of the pipe must be adjusted to account for the perforations.in the pipe. The 
adjusted load applied to the pipe is calculated by the following equation: 

where 

P. =P--12_ 
c 12-NDp 

Pc = Corrected pipe loading. psf 

P = Vertical load applied to pipe = 
N = Perforation frequency = 

D p = Performation diameter = 

p C = 17,602 psf 

Pipe Wall Compressive Stress 

16,135 psf 
2 holes per foot 

0.500 inches 

When a non-pressurized pipe is confined in a dense embedment, the compressive stress in the pipe wall is 
calculated by the following equation: 

(Chevron, 2003) 

where u ... u = Pipe wall compressive stress, psi 

Pc = Corrected pipe loading = 17,602 psf 

D O = Pipe outer diameter= 

t = Pipe wall thickness = 

CT wall= 672.6 psi 

6.625 inches 

0.602 inches 

The factor of safety against wall crushing is calculated as shown below: 

where FS = Factor of safety against wall crushing 

u c = Long-term compressive stress design value ' 

FS = 1.19 
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Made By ____filL 
Chkd By ___.rn_ 

Date 
Date 

6/20/07 
8/01/07 

Subject HDPE 6" Transducer Access Pipe Calculations 
Hanford ERDF Bottom Liner Design 

Pipe Wall Buckling 
Buckling resistance increases when flexible pipe is embedded in soil, since the soil and pipe work together to 
resist the buckling forces . The allowable buckling pressure on the pipe is calculated by the following equation: 

.P.,,c =5 .65 RB'E' E , 
12(DR-1) (Chevron, 2003) 

where P we = Allowable constrained buckling pressure, psi 

R = Buoyancy reduction factor = I (pipe is not below water table) 
B' = Elastic support factor (see equation below) 
E' = Modulus of soil reaction = 3,000 psi (for well-compacted coarse bedding) 
E = Pipe elastic modulus = 29,900 psi 

DR = Pipe design ratio = I i" 

The elastic support factor B' is calculated using the following equation: 

B'= I 
I+ 4e<--0.o6'Hl 

(Chevron, 2003) 

where H = Soil cover depth above pipe = 118.5 feet 

B' = 0.998 

The allowable constrained buckling pressure can then be calculated: 

P wc = 488 psi = 70,279 psf 

The factor of safety against wall buckling is calculated as shown below: 

where 

FS= P.,c 
Pc 

FS = Factor of safety against wall buckling 
P c = Corrected pipe loading = 17,602 psf 

FS = 3.99 
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Ring Bending Strain 
Some deflection in flexible pipe is desirable to promote arching and mobilize the passive soil -resistance forces 
that support the pipe. The estimate deflection is calculated using Spangler's Modified Iowa Formula: 

where 

M Pc [ KL l D,= 144 2E 1 ' 
- - (---) +0.061£' 
3 DR-1 

LI X = Horizontal deflection, inches 
D 1 = Pipe inner diameter = 

P, = Corrected pipe loading = 
K = Bedding factor= 
L = Deflection lag factor = 

E = Pipe elastic modulus = 

DR = Pipe design ratio = 
E' = Modulus of soil reaction = 

LIX = 0.32 inches 

(Chevron, 2003) 

5.373 inches 

17,602 psf 

0.1 (typical) 
1.0 (recommended in Ref. 2) 

29,900 psi 
11 

3,000 psi (for well-compacted coarse bedding) 

As the pipe deflects, bending strain occurs in the pipe wall. For an elliptically deformed pipe, the pipe wall ring 
bending strain can be calculated using the deflection in the equation below: 

(Chevron, 2003) 

where & = Pipe wall strain 

f D = Deformation shape factor = 

LI X = Pipe deflection = 

D M = Pipe mean diameter= 

6.00 (conservative for non-elliptical shape) 

0.32 inches 

5.999 inches 

C = Distance from outer fiber to wall centroid (see equation below) 

The distance from the outer fiber to the pipe wall centroid is calculated using the following equation: 

C = 0.5(1.061) (Chevron, 2003) 

where t = Pipe wall thickness = 

C = 0.32 

The pipe wall strain can then be calculated: 

s = 3.4% 
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The factor of safety for the wall strain is calculated as shown below: 

FS = E.11 .. 

E 

where FS = Facto~ of safety for pipe wall strain 

&0110 ,. = Allowable ring strain= 4.2% (conservative, from Ref. 1) 

FS = 1.22 

Conclusions: The selected pipes are suitable for the proposed application. Note that the above calculations are conservative, 
particularly with respect to wall crushing and ring bending. Reference I recommends using 800 psi as a "long­
term compressive strength design value". Other publications list a compressive strength of over 1,500 ps for 
polyethylene pipe, so presumably a factor of safety is already included in the "design value" from Reference 1. 
In addition, Reference 1 notes that 4.2% is a conservative value for non-pressure pipe, and that "high 
performance polyethylene material at an 8% strain level has a life expectancy of at least 50 years." 
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Date 
Date 
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8/01/07 

Subject HDPE 12" Transducer Access Pipe Calculations 
Hanford ERDF Bottom Liner Design 

Objective: 

Methods: 

Given: 

To calculate the static loads on the HDPE transducer access pipes that will be used in the bottom liner system 
beneath Cells 7-10. These loads are then compared to the allowable stresses on the selected pipe. 

For pipes placed in an embankment above the water table, the earth loading applied to the pipe is calculated as a 
prism of soil with a width equal to the pipe diameter, and a height equal to the depth of fill over the pipe. This 
loading is used to calculate the stresses on the pipe due to compression, buckling, an'd ring bending strain. 
References are listed below: 

Chevron Phillips Chemical Company LP (2003). "Performance Pipe Engineering Manual". Bulletin PP 
900, September 2003. 

U.S. Environmental Protection Agency (2002). "Assessment and Recommendations for Improving the 
Performance of Waste Containment Systems." U.S. EPA, EPA/600/R-02/099. 

The transducer access pipes will consist of 12-inch diameter high-density polyethylene (HDPE) pipes. The 
pipes will be perforated to allow liquid to enter, and installed in the gravel drainage layer. The piping must be 
designed to withstand the overlying loads, including those imposed by the final cover system. The unit weights 
and thicknesses ofthe_various earth loading layers are summarized below and in the attached figures: 

Overburden Layer Thickness (ft) Unit Wt. (pct) Applied Load (psf) 

Final Cover 18 120 2,160 

Waste 91 140 12,740 

Operations Layer 3 130 390 

Drainage Layer 7 130 910 

Secondwy Sump Gravel 0.5 130 65 "Thickness calculated to 

TOTAL 16,200 top of pipe. 

The pipes are assumed to be constructed of high-density polyethylene Typical pipe properties are shown below: 

Pipe design ratio (DR) = 
Nominal pipe diameter= 
Wall thickness (I)= 
Pipe outer diameter (D O ) = 
Avg. inner diameter (D , ) = 
Design compressive stress ( er,) = 
Long-term elastic modulus (E) = 
Ring buckling strain limits = 
Perforation frequency = 
Perforation diameter = 

11 
12 inches 

1.159 inches 
12. 75 inches 

10.339 inches 
80 0 psi ( from Ref. 1) 

29,900 psi (from Ref. 1, assuming 60° F) 
4.2% of diameter (conservative, from Ref. 1) 

2 holes per foot 
0 .500 inches 
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Subject HDPE 12" Transducer Access Pipe Calculations 
Hanford ERDF Bottom Liner Desil!ll 

Calculations: Adjustment for Perforations 
The prism load applied to the top of the pipe must be adjusted to account for the perforations in the pipe. The 
adjusted load applied to the pipe is calculated by the following equation: 

where 

p =P 12 
c 12-NDp 

Pc = Corrected pipe loading, psf 

P = Vertical load applied to pipe= 
N = Perforation frequency = 

D p = Performation diameter = 

Pc= 17,673psf 

Pipe Wall Compressive Stress 

16,200 psf 
2 holes per foot 

0.500 inches 

When a non-pressurized pipe is confined in a dense embedment, the compressive stress in the pipe wall is 
calculated by the following equation: 

where 

q _ PcD. 
wall - 2881 

(Chevron, 2003) 

q -.all = Pipe wall compressive stress, psi 

Pc = Corrected pipe loading= 17,673 psf 

D O = Pipe outer diameter = 

t = Pipe wall thickness = 

Uwall = 675.1 psi 

12.750 inches 

1.159 inches 

The factor of safety against wall crushing is calculated as shown below: 

FS=.!!L 
(j wall 

where FS = Factor of safety against wall crushing 
q c = Long-term compressive stress design value ' 

FS = 1.19 
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Subject HDPE 12" Transducer Access Pipe Calculations 
Hanford ERDF Bottom Liner Design 

Pipe Wall Buckling 
Buckling resistance increases when flexible pipe is embedded in soil, since the soil and pipe work together to 
resist the buckling forces . The allowable buckling pressure on the pipe is calculated by the following equation: 

Pwc = 5.65 RB'£' E 
l2(DR-1) 3 (Chevron, 200_3) 

where P we = Allowable constrai.ned buckling pressure, psi 

R = Buoyancy reduction factor= l (pipe is not below water table) 
B' = Elastic support factor (see equation below) 
E' = Modulus of soil reaction = 3,000 psi (well-compacted coarse bedding) 
E = Pipe elastic modulus = 29,900 psi 

DR = Pipe design ratio = 11 

The elastic support factor B' is calculated using the following equation: 

B'= 1 
1 + 4e (--0.o•,H> 

(Chevron, 2003) 

where H = Soil cover depth above pipe = 119.0 feet 

B' = 0.998 

The allowable constrained buckling pressure can then be calculated: 

Pwc = 488 psi = 70,2 81 psf 

The factor of safety against wall buckling is calculated as shown below: 

where FS = Factor of safety against wall buckling 

P c = Corrected pipe loading = 17,673 psf 

FS = 3.98 
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Ring Bending Strain 
Some deflection in flexible pipe is desirable to promote arching and mobilize the passive soil resistance forces 
that support the pipe. The estimate deflection is calculated using Spangler's Modified Iowa Formula: 

where 

M Pc [ KL l v;= 144 2£(_ 1_)' +0.061£' 
3 DR-I 

LI X = Horizontal deflection, inches 
D 1 = Pipe inner diameter= · 

P c = Corrected pipe loading = 
K = Bedding factor = 
L = Deflection lag factor= 
E = Pipe elastic modulus = 

DR = Pipe design ratio = 
E' = Modulus of soil reaction = 

LIX = 0.63 inches 

(Chevron, 2003) 

10.339 inches 

17,673 psf 

0.1 (typical) 
1.0 (recommended in Ref. 2) 

29,900 psi 
11 

3,000 psi (well-compacted coarse bedding) 

As the pipe deflects, bending strain occurs in the pipe wall . For an elliptically deformed pipe, the pipe wall ring 
bending strain can be calculated using the deflection in the equation below: 

(Chevron, 2003) 

where & = Pipe wall strain 
f O = Deformation shape factor= 6.00 (conservative for non-elliptical shape) 

LIX = Pipe deflection= 0.63 inches 
D M = Pipe mean diameter= 11.545 inches 

C = Distance from outer fiber to wall centroid (see equation below) 

The distance from the outer fiber to the pipe wall centroid is calculated using the following equation: 

C = 0.5(1 .06t) (Chevron, 2003) 

where t = Pipe wall thickness = 

C = 0.61 

The pipe wall strain can then be calculated: 

& = 3.5% 
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The factor of safety for the wall strain is calculated as shown below: 

where 

FS= E al/ow 

E 

FS = Factor of safety for pipe wall strain 

E a/low = Allowable ring strain = 4.2% (conservative, from Ref. l) 

FS = 1.21 

Conclusions: The selected pipes are suitable for the proposed application. Note that the above calculations are conservative, 
particularly with respect to wall crushing and ring b_ending. Reference l recommends using 800 psi as a "long­
term compressive strength design value". Other publications list a compressive strength of over 1,500 ps for 
polyethylene pipe, so presumably a factor of safety is already included in the "design value" from Reference l . 
In addition, Reference 1 notes that 4.2% is a conservative value for non-pressure pipe, and that "high 
performance polyethylene material at an 8% strain level has a life expectancy of at least 50 years." 
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~ _._vaa ~ --· 

c. ... YLa'~ 

~~~ toWVvtr8oas~ltant, 

Job lillo Crest Pad Bldg 

Jol>Na 

2186-351 

Pill 

·-----Roi 

,Sh~No 
23 r· 

WCH-195 
Rev. 0 

e-, MHF °""'20-Feb-07 ChdW;,J 
·--Cioni Washington Closure Hanronl Fil• Crest Ped Bldg AW.std 

Beam Stress Cont .. 
Beam UC Section Alc~I Bend-Y Bend-Z Combl11Dd Shear-Y 

(psl) (psi) (pal) (psO (psi) 

0.750 137.087 103.741 ':' 8 .93E 3 7.17E 3 327.988 -·- -- 0.833 130.374 125.547 7.34E 3 7.59E 3 193.819 
0.917 123.662 147.364 ~ --· 7.S4E 3 7.81E 3 69.650 

1.000 118.1150 169.160 7.52E 3 7.81E 3 -M.259 - - -· 
12 0 .000 209.209 -98.432 .a.!iE 3 8.81E 3 1.83E 3 

0 .083 202.074 •75.222 -4.07E 3 4.35E 3 1.49E 3 

0.167 11,4.939 "'52013 •1.88E 3 2.11E 3 1.35E 3 

0.250 187.804 -28.803 120:a15 337.224 1.2E 3 -·-- -
1.06E i 0.333 180.668 -5.593 1.88E 3. 2.07E 3 -·- ·-

0.-417 173.533 17.617 3.42E 3· 3.62E 3 919.137 

0.500 166.398 40.827 4.74E 3 . 4.95E 3 776.516 

0.683 169,263 64.037 5.84E 3 6.06E 3 633.894 -· 0.1567 152.128 87.247 6.72E 3 6.95E 3 491 .272 

0.750 144.993 110.457 7.37E 3 7.62E 3 348.651 - ---
0.833 137.858 133.666 7.8'" 3 8.07E 3 208.020 

0.917 . 130.723 156.1178 8.01E 3 8.3E 3 83.408 --·---
,__ __ 

1.0QO 123.588 180.086 BE 3 8 .3E 3 -68.308 ·--· -
13 0.000 209.209 .ga.•32 -a.SE 3 6.81E 3 1.EISE 3 - ·-- ... . 

0 .083 202.074 ·75.222 -4.07E 3 4.361: 3 1.49E 3 
!-----·-

0 .167 1!1-4 .939 -52.013 -1.BBE 3 2.11E 3 1.35E 3 --·--· 
0 .250 187.604 -28.803 120.618 337.224 1.2E 3 

- ·- .. 
0.333 180.688 -5.893 1.88E 3 2.D7E 3 1.0BE 3 
0.417 173.$33 17.617 3.42E 3 3.62E 3 -819.137 --·-- ----

.,_ ___ 
0.500 166.398 -C0.827 4.74E 3 4.95E 3 ne51s -·-- ·- 0.583 159.283 64.037 5.84E 3 B.06E 3 633.894 
0 .667 152.128 87.2-47 6.72E 3 6.95E 3 -491.272 

0 .750 144.993 110.457 7.37E 3 7.821: 3 · $48.651 

0.833 137.658 ,133.666 7.BE 3 8.07E 3 206 .029 
0.917 130.723 156.8711" 8.01E 3 8.3E 3 63.-COB .. -1.000 123.5B8 180.086 BE 3 8.3E 3 -68.308 -

14 0.000 350.180 •175.608 -11.3E 3 11 .BE 3 2.82E 3 

0.083 337.903 -133.468 -7.07E 3 7.64E 3 2,58E 3 --· ,__ 
0.167 325.626 -91.428 -3.25E 3 3.67E 3 2.33E 3 
0.250 313,349 -49.389 186.676 649.414 2.09E 3 -

301 .072 -7.3411 3.24E 3 "issCT -0 .333 1.84E 3 · 

0.-417 288.796 34.690 5.92E 3 8.2-4E 3 1.BE 3 

0.500 276.519 76.730 8.21E 3 B.56E 3 1.35E 3 

0.583 264.242 118.TTO 10.1E 3 10.5E 3 1.1E 3 

0.667 251.865 160.809 11.SE 3 12.,e a 858.608 -· 0.750 239.888 202.849 12.SE 3 13.2.E 3 814.235 ~ -
0.833 227.411 244.888 13.BE 3 14E 3 368.864 
0.017 215.134 286.1128 · 13.9£ 3 · 14.4E 3 123.494 

1.000 202.858 328.968 13.9E 3 14.SE 3 -103.436 

15 0.000 350.180 -175.508 -11 .3E 3 11.BE 3 2.82E 3 
0.083 337.903 -133.-468 •7.07E 3 7.54E 3 2.68E 3 - .. 

STAAO .Pro for 1Mndows Release 2006 
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Shear-Z 
(psl) 

-.2.384 
-2.384 

-2.384 ·--2.384 

·2.537 

-2.537 

-2.537 

-2.537 

-2.637 

-2.537 

-2.637 

-2.637 

-2F1 
·2 .637 
-2.537 

-2M7 
- • •---,.... 

·2.637 

-2.537 

-2.537 ----
-2.537 

-2.537 

-2.537 
t--···-

-2.537 

-2.537 

-2.537 
-2 .537 

-2.537 

-2.537 

-2.537 

-2.537 

-4.595 

-4.595 

-,4.595 
--4.595 

-4.595 

-4.595 

-4.595 

• .695 

• .595 

-4.595 

-4.695 

-4.5ll5 

-4.595 
. -4.595 

-4.595 ··-
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R<J WSAVKa co•=A .... . --=-== 
Software Jcensed lo 'Vw-1wr 8o0!I Ccnsl.ftant. 

JOO T>ill Crest Pad Bldg 

-·---·-· ·- · 
Cioni Washington Closure Hanford 

Beam Stress Cont ... 
Beam UC Sec:tlon Axial Bend•Y 

,(psi) (.PsO 
0.187 325.626 -91 .428 

0.250 313_349 -49.389 

0.333 301.072 -7.349 

0.-417 288.796 34.690 ,--•----
0.500 276.519 76.730 ~ --· 
0.583 264.242 116.770 

0,867 251.965 160.809 

0.750 239.668 202.849 ---·· -- 0.833 227.411 244.888 

0:917 2 15.134 286.928-
1.000 202.858 328.968 

111 0.000 322.436 -1171.1195 
0.083 a10.4n -562.610 

0.167 298.519 -'463.625 -
0.250 286.660 ~ 
0.333 274,e01 -235.356 .. 
0.417 262.643 -126.270 

0.500 250.684 -17.185 ---
0.583 238.725 91 .000 .. 
0 .667 226.767 200.985 

0.750 214.808 310.070 

0.833 202.849 419.156 -
0.917 190.891 528.240 
1.000 176.832 637.JZS -

17 0.000 172.254 -760.03S -- ------· 
0.083 1611.542 -647.426 

I---··--~---
0.167 158.830 -534.818 

0.26_0 162.118 -422.210 

0.333 145.405 -309.602 ---·· - ·----.___ 
0.417 138,693 -19B.993 

0.500 131 .981 -84.385 
0.583 125268 28.223 

0.667 118.557 140.831 

0.750 111 .844 253.440 

0.833 105.132 366.046 - --·- --- -
0.917 98.420 478.656 

1.000 91 ,708 591.264 

3 1 0.000 105.092 163.275 

0.083 111 .804 142.&67 

0.1 67 118.516 122.458 .. 
0.250 125.229 102.060 - - 0.333 131 .941 81 .6-42 ------ - --·-- ,-
0.417 138,653 61.234 

0.500 145.365 40.826 

0.583 152.077 20.417 

Bend-Z Comblned 

(psi) (psi) 

-3,25E 3 3-67E 3 

186.676 549,414 
3.24E 3 3.ME 3 
5.92E 3 6.24E 3 

8.21E 3 8,56E- 3 

10.1e 3 10.SE 3 

11.6E 3 ·12.1e 3 

12.8E 3 13.2E 3 
13.eE 3 14E 3 

13.SE 3 14,4E 3 

13.SE 3 14.SE 3 

--4.65E 3 6.114E 3 

-1.07E 3 1.96E 3 

2.13E 3 2.88E 3 

-4.96E 3 6.59E 3 

7.42E 3 7.93E 3 

9.51E 3 9,9E 3 
-112e·3--11 .SE 3 >---·- --12.SE 3 12.9E 3 

13.SE 3 14E 3 ... 
14.1E 3 14.7E 3 
14.4E 3 15E 3 ·- --
14.2E 3 15E 3 --13.7E 3 14.5E 3 

2.32E 3 3.26E 3 

3.92E 3 4.73E 3 

6.31E 3 6E 3 

6.48E 3 7.oee 3 

7.46E 3 7.91E 3 
8.22E 3 8.5eE 3 

a.ne 3 8.99E 3 

9.12E 3 9.27E 3 
9.26E 3 9.51E 3 
9.18E 3 9ME 3 
6..9E 3 9.37E 3 

8.41E 3 8 ,98E 3 

7.71E 3 8.39E 3 

7.52E 3 7.79E 3 
7.54E 3· 7.79E 3 

7.34E 3 7.68E 3 

6.93E 3 7.16E 3 
6.32E 3 8.53E 3 

5.5E 3 5.7E 3 

4.47E 3 4.65E 3 

3.23E 3 · 3.4E 3 

JQbNo 

2186-351 
~-·- ·- ··· 
Pitt 

Roi 

ey MHF 

i-•No 24 

~O-Feb-07 

IRw 

WCH-195 
Rev.O 

---

ChdWIV 

Fl• Crest Pad Bldg AW.std IOl!e/Tlmo 21-Mar-2007 09:14 

Shear-Y Shur-Z 

(psi) (1>60 
2.33E 3 -4.595 
2-09E 3 --4.505 
1.84E 3 -4.595 ---

1.6E 3 -4.595 
1.35E 3 -4.595 

f .1E 3 -4.695 

859.808 -4.595 

814.235 -~595 

3&.864 -4.595 

123.494 -4.595 
-103.436 -4.595 

2 .42E 3 -11.924 

2.18E 3 -11.924 --1.94E 3 -11.924 --1.7E 3 -11 .GZ-4 ---- --1."'6E 3 -11 .924 ---
1.22E 3 -11.924 

98-4.087 -11 .924 

745.076 -11 .924 

:-- 606.065 ----11.924 

267.053 - -11.924 

28.042 -11 .924 

-210.969 -11 .924 ----432.026 -11 .924 

1.09E 3 -12.309 

959.158 -12.308 

824.990 -12.309 

690.821 -12.309 

556.852 •12.309 
-422.483 -12.309 

288.314 -12.309 

154.1~ -12.309 

19.976 ·12.309 
-114.183 -12.309 

-248 .362 -12.309 -
-382.531 -12.309 

~oe.440 -12.309 

75.026 2.231 

-59.143 2 .231 

-193,312 2 .231 

-327.481 - ·--2.231 
-461 .650 -2.231 

-695.819 2-231 

-729.988 2.231 

-864.157 2.231 

---
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~ ·------__ ...,._ 

. ... ..=--
s-.... ,_., w.avereoos ~ 

Job Till• Crest Pad .Bldg 

Client . Washinglon CIOsure Hanford 

Beam Stress Cont ... 
Beam LJC S•~lon Aldal Bancl-Y Band-Z 

(psi) (ps0 (ps,) --· -· 0.667 168.790 0.009 1.78E 3 
0.760 165.502 -20.399 120.960 

0.833 172.214 --40.807 -1.75E 3 

0.917 178.926 -61 .215 -3.82E 3 
1.000 185.839 -81 .623 -8.1E 3 --· 

2 0.000 111.486 187.339 8.08E 3 -- ... · . 
0.063 118.46! 164.412 8.06E 3 - 0.167 125.477 141 .484 7.83E 3 ~--
0.250 132.472 118.557 7.38E 3 

>---·· 
0.333 139.467 95.630 8.71E 3 ·-- · 0.417 1-46.-462 72.702 5.82.E 3 -·- ·-
0.500 153.-468 49.775 4,721; 3 

0.583 160.453 26.&48 3.-4E 3 

0.667 167.448 3.920 1.86E 3 
0.750 17-4.443 -19.007 99.445 
0.833 181 .-439 -41 .935 -1.87E 3 

0.917 188.-434 -M.862 -4.07E 3 -1.000 19SA29 -67.789 -6.47E 3 

3 0.000 16.553 -6.442 0.281 
0.083 16.553 -5.695 0.281 

0.167 16.553 -4.947 0.281 

0.250 16.653 --4.200 0.281' ... - 0.333 16.553 -3.452 0.281 
0.417 18.563 -2.705 0.281 ---- 0.500 16.553 -1.957 0.281 
0.583 18.653 -1.209 0.281 ~--~-
D.667 16.553 -0.462 0.281 
0.750 18.553 D.286 0.281 

0.833 18.553 1.033 0.281 
0.917 16.553 1.781 0.281 

1.000 16.1553 2.526 0.281 

"' 0.000 16.653 ~ -442 0.281 

0.083 18.553 -5.895 0.281 
0.167 16.553 -4.947 0.281 ~-
0.250 18.553 --4.200 0.281 ~ -
0.333 18.553 -3.4-52 0.281 

0.-417 16.553 -2.705 0.281 

0.500 16.553 -1.957 0.281 

0.583 16.553 -1 .209 0.281 

0 .657 18.553 -0.462 0.281 ----·-· 
0.750 16.553 0 .288 0.281 
0 ,833 16.553 1.033 0.281 

0 .917 16.553 1.781 0.281 

1.000 15:553 2.528 0.281 

5 0 .000 190.022 -458.125 -952.650 

-

Combined 

(psi) 

1.94E 3 

306.861 

' 1.96E 3 
4.06E 3 

8.37E 3 
8.381: 3 

8.leE 3 

8.1E 3 -
7.63E 3 

6.94E 3 
6.04E 3 
-4.82E 3 

3.58E 3 

2.03E 3 
292.895 

2..1E 3 

4.32E 3 
6.76E 3 

23.277 

22..529 

21.762 

21.034 

20.287 

19.539 

18.792 
16.044 

1'7.296 

17.120 

17.868 
18.615 

19.383 

23.277 

22.529 

21 .782 -
21.034 

20.281 

19.539 

18.792 

18.~ 

17.296 

17.120 

17.868 

18.615 

19.363 

1.6E 3 

JcbNo 

2186-351 

Pon 

Rot 

I SNot N> 25 

··---

I RIV 

WCH-195 
Rev. 0 

B1 MHF 0ot•w-Fel>-0T OldWW 

R o Crest Pad Bldg AW.std l°"wr""" 21-Mar-2007 09:14 

Shaar-Y Sheer..Z 
{psi) (psi) 

-998.326 2.231 

•t .13E 3 2.231 

-1.27E 3 2.231 

-1.4E3 2 .231 

-1.52E 3 2.231 

69.032 2.506 

-80.758 2,506 

-220.548 2.WC 

-360.338 .2.506 
----500.127 2 ,506 

-639.917 2.50!! 

-779.707 2.606 
-919.497 2.506 ··---
·1 .06E 3 2.506 ···-·1.2E 3 2.608 ---1.34E 3 2 .508 

-1.48E 3 2.506 ·-
-1.61E 3 2.506 

-0.000 -0.082 ---
-0.000 -0.082 --
-0.000 -0.082 

-0.000 -0.082 ---0.000 -0.082 

-0.000 -0 .082 

-0.000 -0.082 

-0.000 -0 .082 

-0.000 -0.082 
--0.000 -0.082 

-0.000 -0.082 ·-
-0.000 -0.082 
-0.000 -0.082 

-0,000 -0.082 
··-·-

-0.COO . -0.082 ---0.000 -0.082 
-0.000 -0.082 

.o.ooo -0.082 

-0.000 -0.082 

-0.000 -0.082 

-0.000 --0.062 

-0.000 -0.082 

-0.000 -0.082 

-0,000 -0.082 

·D.000 -0.082 

--0.000 -0.082 

-398.026 -10.375 
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-----~:.. --™ 
Sott;i,are llcented kllWuwr Boos Consulants 

J:,1, Title Crest Pad Bldg 

Cllont Washington Closure Hanford 

Beam Stress Cont ... 
Beam l/C S.ctJon AxJal Bend-Y 

(psi) (psQ .. 
0.083 jQ0.022 -363.214 

0.167 180.022 -268.303 

0.250 190.022 -173.391 

0.333 190.022 -78.-480 
0.417 190.022 16.432 

0.500 190.022 111.343 
0 .683 190.022 . 206.254 
0.687 · 190.022 301 .166 

0.750 190.022 398.077 - 0.833 190.022 490.988 
0.917 1~0.022 585.90D 

1.000 190.022 680.811 ,_ .. 
6 0.000 331.223 -39.815 -

0.083 343.181 -6.235 ~----- 0,167 366.140 27.346 ~ ---
0.250 367.099 60.925 

0 .333 379.057 84.504 

0.417 391.016 128.084 

0,600 402.975 161.864 --· -· 
0.583 414.933 195.244 

0.667 426.692 228.824 ~-· 
.0.750 438.851 .282.403 

0.633 ~ .809 295.983 
0.917 462.788 329.583 ,--- ·-· 1.000 474.727 363.143 

7 0.000 216.578 350.814 - 0 .083 230.28li 307.278 - 0.187 243.993 263.943 ---
0.250 257.700 220.807 

i----.---
0.333 271.408 1n.212 
0.417 285.115 133.936 ·-
0.500 296.823 90.601 - ·- -·-0.583 312.630 47.265 - · - 0.667 320.238 3.929 -
0.750 338.945 "'39.-406 

0.833 363.MJ- -82.742 

0.917 367.360· -12e.on 
1.000 381.068 -169.,413 

8 0.000 295.113 -294.850 ,_ __ 
0.083 301.826 -220.347 

0.167 308.638 ,145.844 

0.250 315.250 -71 .341 

0.333 321 .982 3.182 - ·- 0.417 328.675 n .665 -
0.500 335.387 152.1 69 ...___ 

-··---

'"' Bend-Z Combined 
(psi) (psi) 

-1 .67E 3 2..13E 3 

-2.191: 3 2.6SE 3 
-2.81E 3 3.17E 3 
-3.43E 3 · 3.7E 3 -
-4.05E 3 4.26E 3 

-4.67E 3 ,4.97E 3 

-5.291: 3 5.88E 3 

-5.91E 3 6.4E 3 

-6.53E 3 7.11E 3 

-7.14E 3 7.63E 3 
-7.78E 3 8.54E 3 
-8.38E 3 ll.25E 3 

12.BE 3 13.2E 3 
12.4E 3 12.BE 3 
11.&E 3 12E 3 

10.4E 3 10.8E 3 

8.76E 3 9,25E 3 

6.63E 3 7.35E 3 

4.5E3 5.07E 3 
1.81E 3 2.42E 3 

•1 .28E 3 1.91E 3 ·--4.7E 3 5AE 3 

-8.51E 3 9.26E 3 
-12.7E 3 13.5E 3 
-17.2E 3 18.1E 3 

15.IIE 3 16.2E 3 

15.6E 3 18.1E 3. 

15.2E 3 15.7E 3 
14.3E 3 14.8E 3 

13E 3 13.5E 3 
11 .3E 3 1 t.7E 3 
ll.18E 3 9.671: 3 
8.82E a 6.98E 3 
3.63E 3 3.98E 3 

220.405 599.757 

-3.82E 3 4.00E 3 

-7.89E 3 8.38E 3 
-12.eE 3 13.1E 3 

6.57E 3 7.16E 3 
5.96E 3 6.48E 3 
6.15E 3 5.6E 3 

4.12E 3 4.51E 3 
2.89E 3 3.22E 3 

1.45E 3 1.86E 3 

· -200.741 688.297 

I snee1110 .JobNo 

2186-351 
f---
Pait 

Roi 

26 IRW 

WCH-195 
Rev.O 

·-

It/ MHF ooteio-Fel>-07 ClldWW 

""" Crest Pad Blclg AW.std ION/Ti'"" 21-Mar-2007 09:14 

$heat-Y Sheat-Z 

(psi) (psij 

-398.026 ·10.375 

-398.026 -10.375 

-398.025 -10.375 

· -398.026 -10.375 

-398.D26 -10.375 

'-398.026 -10.375 

-398.028 -10.375 

-398.028 ' -10.375 

-398.026 -10,S75 

-398.028 -10.375 

-398.028 -10.375 

-398.026 -10.375 

-179.220 -3.671 

-416.231 -3.671 

-657.242 -3.671 
-800.254 -3.671 ·-
-1.14E 3 -3.671 

-1 .37E 3 -3.671 ·-
-1 .61E 3 -3.671 ---1.85E 3 -3.671 

-2.09E 3 -3.871 --
-2.33E 3 -3.671 

-2.57E 3 -3.671 --
-2.81E 3 -sl.871 

·3.03E 3 -si.e11 
134.058 4.7-rT 

-139.901 4.737 

-413,880 4.737 
-887.819 - --- 4.737 

-981 .778 4.737 
-1.24E 3 4.737 

-1.51E 3 4.737 

•1.78E 3 4,737 

-2.00E 3 4 .737 

-2.33E 3 4.737 
-2.!11E 3 4.737 

-2.88E 3 4.737 

-3.13E 3 4.737 -·----323:000 -8.144 

-4&.169 -8.144 

-591 .338 -8.144 

-725.507 -8.144 

-859.878 -8.144 

-993.845 -8.144 

-1 .13E 3 -8.144 
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~QOM==----S_lceosed.,WMwrBoorCans<Jtants 

Job Tlllo Crest Pad Bldg 

0~ 1/Vashlnglon Closure Hanforel 

Beam Stress Cont. .. 
B;am LJC S;ctlon AJ<lal Band-Y 

(p&I) (pel) 

0.583 342.099 2211.sn 
0.897 348.811 301.175 ----- 0 .750 355.524 375.678 
0.833 362.236 450.181 

0.917 368.948 52-4.684 
1.000 375.660 5911.188 ---- .. 

9 0.000 -2.952 -404.36-4 
0.063 -2.952 -317.070 

0.197 -2.952 -229.TTB 
0.250 -2.952 -142.483 -- 0 .333 :2.952 -65.189 __ .. _ --~--
0 .417 -2.952 32.104 

0.500 -2.952 119.398 

0.583 -2.952 208.692 

0.667 -2.952 293.985 

0.750 -2.952 381.279 

0.833 -2.952 468.sn 
0.917 -2.952 555.866 

.- p,-, 
1.000 •2.952 643.190 

10 0.000 116.879 158.765 

0.083 123.391 138.380 
0.187 130.104 118.996 

0.250 136.816 99.111 -· 0.333 143.528 79.228 -
0.-417 150.240 59.341 

0.500 156.953 3(:U56 -- -
D.!583 183.685 19.571 

0.667 170,3TT -0.314 

0.760 177.089 -20.199 

0.833 183.802 -40.064 

0.917 190.514 -59,969 
1.000 197.226 -79.854 

11 0.000 1.16.679 158.766 

0.083 123.391 138.860 ·- 0 ,167 130.104 118.996 --·- o.~o 138.816 89.111 ·-
0.333 143.528 79.225 
0.417 150.240 59.341 

0.500 1!16.953 39.456 
0.583 163.665 111.$71 

0.887 170.377 -0.314 

0.750 1TT.089 -20.199 

0.833 183.802 • 0.084 

0.917 190.514 -59.869 ,-. 
1.000 197,226 -79.854 

·-

Bend-Z Combined 
(psi) (psi) 

-2.00E 3 2.63E 3 
-• .13E 3 ,• .78E 3 

-8..4E 3 7.1-4S 3 

-8.89E 3 9.7E 3 

-11.6E 3 12.5E 3 

-14.5E 3 15.5E 3 

183.870 -690.!IM 
-519.588 -1139.811 

-1 .22E 3 -1.48E 3 

-1.93E 3 -2.07E 3 
-2.63E 3 -2.89E 3 

-3.33E 3 -3.37E 3 

-4.04E 3 -4.16E 3 
• .74E 3 -4.95E 3 
-5.44E 3 -5.741; 3 
-6.15E 3 ·6.63E 3 
-6.85E 3 -7.32E 3 
-7,55E 3 -8.11E 3 

-8.26E 3 -8.9E 3 
7.52E 3 7.SE 3 

7.54E 3 7.BE 3 
7.34E 3 7.59E 3 

6.94E 3 7.17E 3 

8.32E 3 9.54E 3 

5~E 3 U1E 3 -4.47E 3 4 .66E 3 

3.23E 3 3.41E 3 
1.78E 3 1.85E 3 
121 .157 318,445 

-1.75E 3 1.97E 3 
-3.82E 3 4 .07E 3 
-o.1E 3 8 .38E 3 

7.62E 3 7.BE 3 

7.54E 3 7.BE 3 

7.34E 3 7.59E 3 

8.94E 3 7.17E 3 
6.32E 3 6.54E 3 

!5.5E 3 6.71E 3 

4.47E 3 4.66E 3 
3 .23E 3 3.41E 3 

1.78E 3 1.95E 3 
121.157 318.445 

-1.75E 3 1.97E 3 
~ .B2E 3 4.07E 3 

-o.1E 3 B.38E 3 

Jol>No I Sl>ool No 
2186-351 

POii 

--- ---· Rtl 

27 IRw 

WCH-195 
Rev. 0 

By MHF o.t..zO-Fel>-07. Cl,:lww 
Fu. Crest Pad Bldg AW,sld IDelO/Jlmo 21-Mar-2 007 09:14 

Shear-Y siiear-z 
(psi) (p&I) 

· 1.26E 3 -8.144 

·1AE 3 -8 .14• 
-1 .53E 3 -8.1-•<4 

-1.66E 3 -8.144 
-1.8E 3 -8.144 

-1 .92E 3 -8 .14-4 

-452.0-49 -9.542 

-452.049 -ll.642 

-452.049 -9.542 

-452,049 -9.542 

-452.049 -9.542 

-452.049 -9.542 

-452.04g ~ -542 

-452.048 -9.542 
--462.041) -0.642 

-452.048 -9.542 

-452.049 -9.542 
, -452.049 -9.542 

-452.049 -8.542 

75.026 2.174 

.59.143 2.174 

-193.312 2.174 

-327.481 2.174· 

--461.650 2.174 

--595.819 2.17-4 
-729.988 2.174 ·--
-864,157 2.174 

-998.326 2 .174 
-1.13E 3 2.17-4 ---1.27E 3 2.174 

-1.4E 3 2.,174 

-1.52E 3 2 .174 

75.026 2.174 

.59:1-43 2 .174 

-193.312 2.174 

-327.481 - · 2.174° 

-461.960 2.174 

-595.819 2.174 

-729.988 2.174 

-854.157 2.174 

-998.326 2,174 --·--1 .13E 3 2.174 

-1 .27E 3 2.174 

-1.4E 3 2.174 

-1.52E 3 2.174 
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~:=~ =--
~ lc:aMed t, W-V11r Som Cbnst.dlants 

Job TIiie Crest Pad Bldg 

Cliett 'Mlshlngton Clcsura Hanford 

Beam Stress Cont ... 
Beam UC Section Axial . Band-Y 

(psi) (ps~ -· 12 0.000 123.300 189.052 

0.003 130.435 147.881 
0.167 137.570 126.710 -----· 0.250 · 1-4-4.705 105.540 ·- 0.333 151 .8-40 84.369 
0.417 158.976 63.198 

0.500 166.111 42,028 
-·· 

0.583 173.246 20.MT. 
0.667 180.381 -0.314 
·o.1so 187.616 -21.484 
0 .833 194.651 -42.855 ..... 
0.917 201.788· ~ .825 --··· 
1.000 208,921 -84.996 .. 

13 0.000 123.300 169.D52 
0.083 130.435 147.881 
0.187· 137.570 128.710 

0 .250 1-4-4.705 105.540 
0.333 161 .840 84.369 
0.417 158.978 63.198 
0.500 166.111 42.028 ... 
0.!583 173.248 20.857 

0.667 180.381 0 0.314 

0.750 187.518 -21 .484 -·----
0.833 1114.651 -42.655 
0.917 201 .786 ~ -825 
1 .000 208 .921 -84.8118 .. 

1-4 0.000 20'2.378 308. 136 

o.~3 214.665 288.858 .,_._.,_ 
0 .167 228.932 231 .779 --- -- 0.250 2311.20Sl 193.600 
0.333 251 .486 155.-422 ---· 0.417 263.783 117.243 
0.600 276.039 79.065 

0.58:3 288.316 40.886 

0.887 300.593 2.707 - 0.750 312.870 -35.471 · 
0 .833 325.147 ·.13.sso 

0.917 337.424 -111.828 

1.000 3-49.700 -150.007 

15 0 .000 202.378 308.136 

0.083 214.655 269.958 ~--· 
0.187 228.932 231.7711 
0.250 238.209 193.600 
0.333 251.486 155.422 

0 .417 263.763 117.243 

Bend-Z Combined 
(psi) (psi) 

8E 3 8.29E 3 
8.01E 3 8,29E 3 
7.8E 3 ao1e 3 

7.37E 3 7.62E 3 
S.72E 3 S.ll6E 3 
5.85E 3 6.07E 3 
4.7SE 3 4.96E 3 .. 
3.43E 3 ·3.62E 3 
1.89E 3 2.07E 3 

128.778 337.778 
-1 .8SE .3 2.09E 3 
-4.06E 3 4.33E 3 

·M9E 3 B.78E 3 

8E 3 8.29E 3 
8.01E 3 8.29E 3 
7.BE 3 8.07E 3 

7.37E 3 7,62E 3 

6.72E 3 6.96E 3 

5.85E 3 6.07E 3 

4.7SE 3 4.96E 3 
3.43E 3 3.62E 3 
1.89E 3 2.076.3 

128.778 337.778 
•1 .85E 3 2.09E 3 

-4.08E 3 o4.33E 3 
-e.49E 3 6.78E 3 
13.9E 3 14.SE 3 
13.BE 3 14.'4E 3 
13.SE 3 14E 3 
12.BE 3 13.2E 3 
11 .7E 3 12.1E 3 -· 10.1E 3 10.SE 3 
8.22E 3 8.57E 3 

5.93E 3 6.26E 3 
3.25E 3 3.58E 3 
201.425 549.788 

-3.23E 3 3.83E 3 
-7.0SE 3 7.SE 3 
-112E 3 11.7E 3 
13.SE 3 14.SE 3 

13.9E 3 14.4E 3 
13.8E 3 14E 3 

12.SE 3 ·13.2E 3 

11.7E 3 12.1E 3 

10.1E 3 10.5E 3 

Jal>No 

2186-~51 

Pait 

Ila! 

I SnHtNO 
28 (' 

WCH-195 
Rev. O 

11¥ MHF Cll".20-Feb-07 Cldww 
Fie Crest Pad Bldg AW.std !c.tomn• 21-t.1ar-200109:14 

Shear-Y Shear..Z 
(psi) (psQ 
79.753 2 .314 

-62.869 2.314 
-206.4111 2.31-4 ·-
-348.112 2.314 
-490.734 2.31-4 

-633.3S6 2.314 

:775.977 2.314 
-918.599 . 2.314 

-1 .06E 3 2 .314 
•1 .2E 3 2.314 

-1 .35£ 3 2.314 
-1.-49E 3 2.314 
-1,521: 3 2.314 

79,753 2 .31-4 
-62.868 2.314 

··-
-205.491 2 .314 ~---
-348.112 2.314 
-490.734 2.31-4 

-633.356 2.314 
•775.977 2.314 
-918.589 2.31-4 
-1 .06E 3 2.314 

•1.2E 3 2.314 ·--
•1.3SE 3 2.314 

-1.49E 3 2.314 

.-1.62E 3 2 .314 

122.866 4,173 

·122.515 4.173 
-367.886 4 .173 
-613257 4.173 
-858.628 4.173 
•1 .1E 3 4 .173 

-1.351: 3 4.173 

-1.59E 3 4 .173 
•1 .BE 3 4.1,73 
-2.09E 3 4 .173 
-2.33E 3 4 .173 
-2.58E 3 4.173 
-2.BE 3 .4 .173 
122.856 4.173 

-122.615 4 .173 --·-
-.387.886 4 .173 ---613.257 4.173 

-858.628 4 .173 

·1.1E 3 4.173 
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-
~ ----co•=-raMTe 

·====-=== Softr.welcensed o,-BcOI COnsutal\lS 

lob r,11e Crest Pad Bldg 

·-------
Cllonl Washlng!On Closure Hanford 

Beam Stress Cont ... 
Beam UC Sec:tlon Axial Bend-Y Bend-Z 

{psi) {psi) (psi) -· · 0.500 276.039 79.065 8.22E 3 ----- 0.583 288.316 -40.886 6.93E 3 
0.687 300.593 2.707 3.25E 3 

0.750 312.870 -3S.471 201 .425 
0.833 325.147 ·--73.650 -3.23E 3 

0.917 337.424 -111.828 -7.0SE 3 ....... 
1.000 349.70D 0 150.007 0 11.2E 3 ----- 18 0.000 166.492 0.506 13.7E 3 

0.083 198.451 28.373 13.2E 3 --· 0.187 210.410 !!6.239 12.SE 3 ·--~·- ·-0.250 222.368 84.106 11E 3 

0.3~ 234,327 111.972 9.38E 3 

0.417 246.286 139.839 7.37E 3 --·· 0.500 258.244 167.705 4.98E 3 
0.5l!3 270.203 1915.572 2.22E 3 

0.867 282.162 223.438 -911 .271 

0.750 294.120 251.305 -4.41E 3 - 0.833 306.079 279.171 -8.29E 3 

0.917 318.038 307.038 -12.5E 3 
1.000 329.996 334.904 0 17.2E 3 

17 0.000 102.140 -241.089 7.71E 3 

0.083 108.852 -174203 7,02E' 3 

0 .187 115.664 -107.318 8.12E 3 

0.250 122.276 -40.433 5.01E 3 

0.333 128.1188 26.453 3.69E 3 
0.417 135.701 93.338 2.17E 3 
0.500 142.413 180.224 431.310 ---- 0.583 149.125 227.109 -1.51E 3 

0.687 15S.837 2~.995 -3.66E 3 - · 0.7~ 162.550 360.880 -8.02E 3 
0.833 169.262 427.766 -8.59E 3 
0.917 175.974 494.851 •11 ,4E 3 

1.000 182.686 581.538 -14.4E 3 

4 1 0.000 716.698 -.16U97 -6.1 E 3 

0.083 714.575 -135.005 -!!.SSE 3 -- 0.167 712.-453 -108.513 -5.59& 3 

0.250 710.330 ~.021 -5.34E 3 ,___ __ -· 0.333 708208 -55.529 -5.0BE 3 

0.417 706.085 •29.037 -4.83E 3 --~-
0.500 703.963 -2.545 -4.57E 3 

0.583 701.840 :za.9'16 -4.32E 3 --- 0.867 699.718 50.438 -4.0BE 3 

0.750 · ,697.595 76.930 -3.81E 3 ~-
0.833 695.473 103.422 -3.56E 3 
0.917 693.350 129.914 •3.3E 3 

Combined 
(psij 

8.57E 3 

6.26E: 3 

3 .56E 3 

649.766 
3.63E 3 

7.SE 3 
11 .7E 3 

13.9E 3 

13.4E 3 

12.8E 3 

11.3E 3 .. 
9.73E 3 

7.75E 3 

6.4E 3 
2.!IBE_ 3 

1.42E 3 

4.96E 3 

8.87E 3 

13.2E 3 
17.8E 3 

8.05E 3 

7,3E 3 

6 .34E 3 

5 .17E 3 
3 ,85E 3 

2.39E 3 

733.947 

1.89E 3 
4.11E 3 

8.55E 3 

9.19E 3 
12E 3 

15.1E 3 

6.98E 3 

6 .7E S 

6.41E 3 

6,13E 3 

5.BSE 3 

5.56E 3 

. 5.28E 3 

5.05E 3 
4.81E 3 

4.58E 3 

4.351: 3 

4.12E 3 · 

/ol>No 

2186-351 
. 

Pan 

Ror 

I Sheet No 
29 IRw 

WCH-195 
Rev. 0 

·--

8Y MHF ---· DeiszO-Feb-07 ™WN 

Flo Crest Pad Bldg AW.std IOale/T'""• 21-Mar-2007 09:14 

Shoar-Y Shear-% 
(psi) (psi) 

·1 .36E 3 4.173 
-1 .69E 3 4.173 

-1 .84E 3 4.173 

-2.09E 3 4,173 

-2.33E 3 4 .173 

-2.58E 3 4.173 -·-
0 2.SE 3 4.173 

-219.737 -3,046 
-458.749 -3.046 

-897.760 -3.048 
-936.TT1 -3.046 
-1 .1ee 3 -3.046 
-1 .41E 3 -3.046 
-1.66E 3 -3.046 

·1.89E 3 ·3.046 

-2.13E 3 -3.046 
-2,37E 3 -3.046 

-2.61E 3 -3.048 

-2.85E 3 -3.046 

-3.07E 3 -3.046 

-377.023 -7.311 
-511,193 -7.311 

-&15.301 -7.311 

-779.530 -7.311 
-913.700 •7.311 
-1.0SE 3 -7.311 

•1.18.E 3 -7.311 
-1 .32E 3 -7.311 

-1.45E 3 -7.311 

•1 .58E 3 •7.311 

-1 .72E 3 -7.311 
-1.85E 3 -7.311 
-1 .98E 3 -7.31 1 

197.762 -3.496 
197,762 -3.496 

197.762 -3.496 

197.762 -3.496 . 
197.782 -3.498 

197.782 -3.498 
197.762 -3.498 

197.782 -3.496 
197,762 -3.498 

197.762 -3.496 

197.762 · -3.496 

1W.762 •3.496 
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