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EXECUTIVE SL 1MARY

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.’
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 ).

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. Chi ges 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 . .JF 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 2 power needs and capacity as well as signalization of the leachate

transmission system.

' BHI-00355, 1995, Design Analysis: Construction of W-296 Environmental Disposal Facility, Bechtel Hanford, Inc.,
Richiand, Washington; and CCN 117640, ERDF Cells 5 & 6 Design Analysis Variance Report, dated November 16,
2004, Bechtel Hanford, Inc., Richiand, Washington.
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ASTM
DAVR
EPA
ERDF
FS
GC
GM
GRI
HELP
HDPE
IBC
IFC
NFPA
USCS
USDA

ACRONYMS

American ¢ iety for Testing and Materials
design analysis variance repo..

U.S. Environmental Protection Agency
Environmental Restoration sposal Facility
far or of safety

geocomposite

geomembrane

Geosynthetic Research Institute

Hvdrologic Evaluation of Landfill Performance
hi¢ -density polyethylene

International Building Code

International Fire Code

National Fire Protection Association

Unified Soil Classification System

U.S. Department of Agriculture
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METRIC CONVERSION CHART
Into Metric Units Out of Metric Units
If You Know Multiply By To Get If You Know Multiply By To Get
Length Length
inches 254 millimeters millimeters 0.039 inches
inches 2.54 centimeters centimeters 0.394 inches
feet 0.305 meters meters 3.281 feet
yards 0.914 meters meters 1.094 yards
miles 1.609 kilometers kilometers 0.621 miles
Area Area
sq. inches 6.452 sq. centimeters | sq. centimeters  0.155 sq. inches
sq. feet 0.093 sq. meters sq. meters 10.76 sq. feet
sq. yards 0.836 sq. meters sq. meters 1.196 sq. yards
sq. miles 2.6 sq. kilometers sq. kilometers 04 sq. miles
acres 0.405 hectares hectares 247 acres
Mass (weight) Mass (weight)
ounces 28.35 grams grams 0.035 ounces
pounds 0.454 kilograms kilograms 2.205 pounds
ton 0.907 metric ton metric ton 1.102 ton
Volume Volume
teaspoons 5 milliliters milliliters 0.033 fluid
ounces
tablespoons 15 milliliters liters 21 pints
fluid ounces 30 n iliters liters 1.0.. qui
cups 0.24 liters liters 0.264 gallons
pints 0.47 liters cubic meters 35.315 cubic feet
quarts 0.95 liters cubic meters 1.308 cubic
yards
gallons 3.8 liters
cubic feet 0.028 cubic meters
cubic yards 0.765 cubic meters
Temperature Temperature
Fahrenheit subtract 32, Celsius Celsius multiply by 9/5,  Fahrenheit
then multiply ' then add 32
by 5/9
Rad activity Radioactivity
picocuries 37 millibecquerel millibecquerels  0.027 picocuries
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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 Desig- ™-*~ "~~~ Sideslope)

The HELP model is not designed to model a compound slope, so separate simulations
were performed for the sidesiope 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 cm/sec was used.

Laver 2 — Below the onerations laver a aencomnnsite drainage layer will be

i | di b 1t pi for ..
drainage net were used, with a 33% slope andan dmr ge length of
255 ft.

Layer 3 — A 60-mil HDPE 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 HDPE geomembrane will be installed below the
geocomposite described in Layer 4. The HELP model defauit 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 107 cm/sec.

Soil an~ ™-3ign 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% : »pe 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™ cm/sec was
used.

Layer 2 — Below the operations la, _ , 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 cm/sec.

Layer 3 — A 60-mil HDPE geomembrane will be installed below the granular
drainage layer described in Layer 2. ..1e 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 102 cm/sec.

Layer 5— A« :ond 60-mil HDPE geomembrane will be installed below the
drainage layer described in 4. The HELP model default naran ers for a
flexible membrane liner were used. A “good” geomembrane icement 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 107 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 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 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 Peak Average Peak
Configi  ion :';';53232 [PriT\:;ye Liner bk | Linee Hexd
(ft>1yr) (ft°/day) (in.) (in.)
| 1.5% -Floor 9517 3438 0.031 4 55 |
3% Floor o 9,794 4,741 0017 | 442
3:1 Sideslope 14,301 7,626 0.000 0.006
TOTAL 33,612 15,805 N/A N/A
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Occupant Load Factor:
Accessory storage areas, mechanical equipment room Table 1004.1.1
540/300=1.8 (say 2)

Number of Occupants:

Not normally occupied

Area Separation: Section 508.3
N/A

iquid Storage Room: Section 3402 IFC / 2006
Section 307 IBC / 2006

Number of Exits Required: 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 Cc Kk
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: ’ Section 903

Not required
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Drawing s. 0600X-DD-E0111 and 0600X-DD-E0112 and raceway and cable schedules
0600X-[ E0109 and 0600X-DD-E0110. _
53 LEACHATE SUMP LEVEL DATA LOGGI !
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).

6.0 REFERENCES

ASTM D5321, “Determining the Coefficient of Soil and Geosynthetic or Geosynthetic and
Ge: mntt ic Friction by the Direct Sh N hod,” ASTM In  national, West
Conshohocken, Pennsylvania.

BHI, 1995, Design Analysis: Construction of W-296 Environmental Restoration Disposal
Facility, BHi-00355, Vols. 1 and 2, Bechtel Hanford, Inc., Richland, Washington.

BHI, 2004a, ERDF Cells 5 & 6 Construction — Interface Shear Strength and Slope Stability
Evaluation, 0600X-CA-C0029, Rev. 0, Prepared by CH2M HILL for Bechtel Hanford,
Inc., Richland, Washington.

BHI, 2004b, ERDF Cells 5 & 6 Design Analysis Variance Report, CCN 117640, dated
November 16, 2004, Bechtel Hanford, Inc., Richland, Washington.

IBC, 2006, International Building Code, International Code Council, Washington, D.C.
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IFC, 2006, International Fire Code, International Code Council, Washington, D.C. '

NFPA 10, Standard for Portable Fire Extinguishers, National Fire Protection Association,
Quincy, Massachusetts.
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PRECIPITATION DATA EILE: C:\HELP3\HANFORD\CN1\PREC31 .D4
TEMPERATURE DATA FILE: C:\HELP3\HANFORD\CN1\TEMP31 .D7
SOLAR RADIATION DATA FILE: C:\HELP3\HANFORD\CN1\RAD31.D13
EVAPOTRANSPIRAIION DAIA: C:\HELP3\HANFORD\CN1\HANFORD2.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\HANFORD\CN1\15-FLR D10
OUTPUT DAIA EILE: C:\HELP3\HANFORD\CN1\15-FLR.OUT
TIME: 14:30 DATE: 9/28/2007
*t*it**'h*******'h*'h*****'h******t'ht************iit************************t*****
TITLE: HANFORD FLR: 1.5%,50',12" GRAV @ 0.05 CM/S, GOOD FML, 3'OPS
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| NOTE : [TIAL MO | CONTENT OF THE L I E
. COMPU ) AS NEARLY S  \DY-STATE "IHE P ___.
| LAYER 1
TYPE 1 - VERTICAL PERCOLATION LAYER
MAIERIAL 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 WATER CONTENT = 0.2266 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.720000011000E-03 CM/SEC

F:APROJECTS\21 B8\3S [\Change Notice 1\Help\15-FLR doc
Page 22 of 345
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LAYER 2

TYPE 2 - LAIERAL DRAINAGE LAYER
MAIERIAL IEXTURE NUMBER 0

THICKNESS =
POROSITY =
FIELD CAPACITY

WILTING POINT

INITIAL SOIL WAIER CONTENT
EFFECTIVE SAT. HYD. COND.

SLOPE

DRAINAGE LENGTH

0

]

12.00 INCHES
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VOL/VOL
0.0320 VOL/VOL

.500000007000E-01

1.50 PERCENT
50.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXIURE NUMBER 35

THICKNESS =
POROSITY =
EIELD CAPACITY

WILTING POINT

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

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY = 3

0.06 INCHES

0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL

CM/SEC

0.152999596000E-12 CM/SEC

1.00 HOLES/ACRE
4.00 HOLES/ACRE

- GOOD

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

IHICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

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

DRAINAGE LENGTH

]

0.

12.00 INCHES
0.3970 VOL/VQL
0.0320 vOL/VOL
0.0130 VOL/VOL
0.0320 VOL/VOL

.500000007000E-01

1.50 PERCENT
400.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER

FWROJTECTS\2136\ 51 \Change Notice I\Help\1S-FLR 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
EEFECTIVE 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

n

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 0.3670 VOL/VOL
INITIAL SOIL WAIER CONTENT 0.4270 VOL/VOL
EFFECIIVE SAT HYD. COND. 0.100000001000E-06 CM/SEC

1

GENERAL DESIGN AND EVAPORAIIVE ZONE DATA

NOTE: SCS RUNOFE CURVE NUMBER WAS USER-SPECIFIED.

SCS RUWOEI CURVE NUMBER = 89.50
FRACTION OF AREA ALLOWING RUNOFE 0.0 PERCENT

AREA PROJECTED ON HORIZONTAL NE = 2.750 AC ;
EVAPORATIVE ZONE DEPIH = 16 .0 INCHES
INITIAL WATER IN EVAPORRTIVE ZONE = 4.359 INCHES

7.248 INCHES
1.360 INCHES
0.189 INCHES
24.299 INCHES
24.488 INCHES

0 00 INCHES/YEAR

UPPER LIMIT OF EVAPORATI STORAGE
LOWER LIMII OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INELOW

[

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
HANFORD WASHINGTON

STATION LATITUDE = 46 55 DEGREES

F \PROJECTS\2186\351\Change Notice I\Help\ 5-FLR.doc
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NOIE: SOLAR RADIATION DATA [OR HANIORD
WAS ENIERED FROM AN ASCII DAIA EILE.

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE})
END OF GROWING SEASON (JULIAN DAIE)
EVAPORATIVE ZONE DEPIH

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 EOR HANEORD
WAS ENTERED FROM AN ASCII DATA FILE.

1

i

0.
1

00
03

288

16

68
43
37.
70.

.0

.60
.20
.30

10
10

WCH-195

hhkhkkkhkhkhkdhkdhhkdhhhhkdkhdkdhhhhdkkdkddhkddhhhdddbdhhhhhdrddhhddhdhdhdhdhdkddbrhrkkhhrdrhdhhdhdk

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006

JAN/JUL [FEB/AUG MAR/SEP APR/OCI

PRECIPITATION
TOTALS 1.01 0.72 0.56
0.21 0.16 0.34
STD. DEVIATIONS 0.63 0.48 0.45
0.32 0.24 0.33
RUNQOFF
e -
| TOTALS 0.000 0.000 0.000
0.000 0.000 0.000
STD DEVIATIONS 0.000 0.000 0.000
0.000 0.000 0.000
EVAPOTRANSPIRATION
TOIALS 0.476 0 622 1.227
0.402 0.264 0.214
STD. DEVIATIONS 0.341 0.509 0.614

0.351 0.188 0.100

FAPROJECTS\2186\35 \Change Notice 1\Help\1 5-FLR.doc
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0.00

0

0.000

0.000

0.00

0.71
0.35

0.39
0.39

0

4
1

5
7

Rev. 0
Sheet 4 of 8
INCHES
MPH
%
%
k]
E
WASHINGTON
WASHINGTON
WASHINGTION
MAY/NOV JUN/DEC
0.53 0.53
0.89 1.24
0.34 0.42
0.63 0.86
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.467 0 492
0.429 0 506
0.298 0.337
0.324 0.243
Page 25 of 345
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LATERAL DRAINAGE COLLECIED

TOTALS

STD. DEVIATIONS

FROM LAYER 2

0.0609 0.1378
0.0049 0.0005
0.1821 0.2711
0.0118 0.0016

PERCOLATION/LEAKAGE THROUGH LAYER 3

TOTALS

S1D. DEVIAIIONS

0.0128 0.0272
0.001% 0.0003
0.0330 0.0466
0.0043 0.0009

LATERAL DRAINAGE COLLECTED FROM LAYER 4

TOTALS

STD. DEVIATIONS

0.0153 0.0066
0.0162 0.0259
0.0147 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

0.0640
0.0005

0.0884
0.0010

0.0352
0.0029

0.0548
0.0022

0.0000
0.0000

0.0000
0.0000

WCH-195
Rev. 0

Sheet 5 of 8

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

AVERAGES OF MONTHLY AVERAGED DAILY HEADS

0.0231 0.0569
0.0018 0 0002
0.0651 0.1108
0.0045 0.00086

AVERAGES

STD. DEVIATIONS

0.0492 0.0868
0.0445

0.1383
0.0003

0.2199
0.0007

0.1069
0.0089

0.1663
0.0071

0.2224 0.1027
0.0012 0.0003
0.2771 0.0950
0.0040 0.0009
0.0494 0.0288
0.0006 0.0002
0.0532 0.0252
0.0018 0.0005
0.04%0 0.0426
0 0016 0.0008
0.0553 0.0406
0.0013 0.0009
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
{INCHES)
0.0872 0.0390
0.0005 0.0001
0.1086 0.0360
0.0015 0.0004
0.1536 0.1293
0.0047 0.0026
0.1734 0.1232
0.003¢ 0.0029

0.0156
0.0054

0.0200
0.0295

0.0884
0.0026

0.0817
0.0069

P r R A R R R R R R R R s 2R SR R R R R R R EE E R R R EE R R R R S R S R S L R RS S RS FE R RS AL RS LR R Y XS
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ddkwkhhhhh bk kbbb kk bk khkkh bbbk kdhh bk h ko hhh ok kb hddhhdhrrdhdrdrrrhrdr

AVERAGE ANNUAL TOTALS &

(STD. DEVIATIONS) FOR YEARS 1955 THROUGH 2006

PRECIPITATION
RUNOEE
EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH
LAYER 3

AVERAGE HEAD ON IOP
OF LAYER 3

LATERAL DRAINAGE COLLECTED
EROM LAYER 4

PERCOLATION/LEAKAGE THROUGH
LAYER 6 .

AVERAGE HEAD ON TOP
OF LAYER 5

CHANGE IN WATER SIORAGE

0.000
6.165

0.85342
0.20112
0.031 (
0.20106
0“06006
0.052 ¢

-0.018

(
(

(

2.032)
0.0000}
1,5248)

1.10599)

0.19797)

0.035)

0.20134)

0.00006)

0.052)

1.4871)

CU. EEEI

72869.0
0.00
€1538 23

9517.467

2007.697

2007.043

0.631

-194 33

13.06106

2.75521

2.75431

0.00087

~0.267

JrJr e J o de g e e e v dk v e de e e e v o ok e e e vk b I 0 o e e e ke v vk sk o gk e e b e v de e e s v e sk e o e o e e e e ok de e 9 e i e e e e e e e e e ok e
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I I T I I T T T T I T T I
PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006
T ems) (oo Fro
PRECIPTIATION . 1.60 15972.000
RUNOEFE 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 2 0.34444 3438.32593
PERCOLATION/LEAKI ~_ THROUGH LAYER 3 0.036044 359.81049
AVERAGE HEAD ON TOP OF LAYER 3 3.752
MAXIMUM HEAD ON TOP OF LAYER 3 4.549
LOCATION OF MAXIMUM HEAD IN LAYER 2
{DISTANCE FROM DRAIN) 21.9 FEET
DRAINAGE COLLECTED FROM LAYER 4 0.00892 89.07829
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000002 0.02348
AVERAGE HEARD ON TOP Or LAYER 5 0.840
MAXIMUM HEAD ON TOP OF LAYER 5 1.568
LOCATION OF MAXIMUM HEAD IN LAYER 4
(DISTANCE FROM DRAIN) 26.6 FEET
SNOW WATER 1.96 19603 .2383
MAXIMUM VEG. SOIL WAIER (VOL/VOL) 0.4530
MINIMUM VEG. SOIL WATER (VOL/VOL) 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. -
N I I I T I s T T T I I I I T I I T T T
FPROJECTSI2186\38 '\Change Notice 1\Help\ 5-FLR doc
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dhkhkhkkhkdhhkhkhkhkhkhhkhdhhkdhdhdbddhrdbdhhdhohbdhhrkhkhkrrdhrhrdhhdhkhhhddhdrrhrdrdhdhkrddhd dokhddhhi

FINAL WATER STORAGE AT END OF

LAYER {INCHES)

L 77444

2 0.3840

3 0.0000

4 0.3841

5 0.0000

6 15.3720
SNOW WATER 0.000

YEAR 2006

0.0000

0.0320

0.0000

0.4270

hkkhhdkhkhkhdhhdhkhhdddkdddhhrddhhhkhkhhhhhdhdhhhhkdkhhkhdbhhhhkdedhdhdhddhhhdhddhhdhhddhdddddkdhk

ddge ko kkkkdhkdhhkhkhdhhkdhdkhddhkdrhhkdhbhhhkdhwhhwdhhkkdrdkhhhhddhhhrdhdhdhdhdhhhdddhdddkdd
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P AR A R S E EE SRR E R E SRS EE RS SEE TSI EELIEEESEZELETRSELSTR LRSS E SR XN L 5 4
R R R 22 R R R R R E S R R A AR R R R R R RS S EEEETETEEZEEE LR LEEEFEEELEESEEEIE SRS SRS & 8 8 8 4
ok Xk
* % *
*x HYDROLOGIC EVALUATION OF LANDFILL PEREORMANCE ol
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) o
*x DEVELOPED BY ENVIRONMENTAL LABORATORY *x
> USAE WATERWAYS EXPERIMENT STATION *x
d FOR USEPA RISK REDUCTION ENGINEERING LABORAIORY >
* * %
& % + &
R R R g P R SRR LR R TR PR AL SRR RS LSS LSS LIRS LRSS SRR SRS R R SR &R S
dkkkk Fhkdhhhdhhdkhhkddhddddddd ko dod ok gk ok ddrdeddrdrd ok g ook sk dr g e ok e e ok %o g e ok v e ok e ok e e o o o o e ko
PRECIPITATION DATA FILE: C:\HELP3\HANEORD\CN1\PREC31.D4
TEMPERATURE DATA FILE: C:\HELP3\HANFORD\CNI1\TEMP31.D?7
SOLAR RADIATION DATA FILE: C:\HELP3\HANFORD\CN1\RAD31.D13 -
EVAPOTRANSPIRAIION DATA: C:\HELP3\HANFORD\CN1\HANFORD2.D11 :
SOIL AND DESIGN DATA FILE: <C:\HELP3\HANFORD\CN1\3-FLR.D10 -
QUIPUI DAIA FILE: C:\HELP3\HANFORD\CN1\3-FLR.OUI
TIME: 14:29 DATE:  9/28/2007
wdkdhd ok dkkhdh ok hhdkkdkwhhdkdddhdrddd kkdkdddkddddddddkddddkddkkdddoddrdd koo dr oo o % o e deok oo b
TITLE: HANEORD FLR: 3%,50',12" GRAV @ 0.05 CM/S, GOOD FML, 3'OPS
e R RS RS E R RS RS RS TR AR RS S R R R SRR RS SRS S22 222222222328 X8X 222X RE222R2R X2t s s R
NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.
LAYER 1
TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER [
THICKNESS = 36.00 INCHES
POROSITY = 0.4530 VOL/VOL
FIELD CAPACITY = 0.1%00 VOL/VOL
WILTING POINT = 0.0850 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2266 VOL/VOL
EEFECTIVE SAT. HYD. COND. = 0 720000011000E-03 CM/SEC
F\I;ROIECIS\IIS6\351\U|mn:Nn|5:eI\Hdp\J-H.Kdo:
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TYPE 2 — LAIERAL DRAINAGE LAYER
MATERIAL IEXTURE 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 CONIENT 0.0320 VOL/VOL
EXFECTIVE SAT. HYD COND. 0.500000007000E~01 CM/SEC

SLOPE = 3.00 PERCENT
DRAINAGE LENGTH = 50 0 FEET
LAYER 3 -
TYPE 4 — FLEXIBLE MEMBRANE LINER
MATERIAL, TEXIURE NUMBER 35

THICKNESS = 0.06  INCHES

POROSITY = 0.0000 VOL/VOL

FIELD CAPACIIY = 0.0000 VOL/VOL

WILTING POINT - 0.0000 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL

EEFECTIVE SAT. HYD. COND 0.199999936000E~12 CM/SEC
FML PINHOLE DENSITY 1.00 HOLES/ACRE
FML INSTALLAIION DEFECTS 4.00 HOLES/ACRE

FML PLACEMENT‘QUALITY' = 3 - GOOD

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL IEXTURE 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
EFFECTIVE SAT. HYD. COND, 0.500000007000E~01 CM/SEC
SLOPE 3.00 PERCENT
DRAINAGE LENGTH 200.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER

FPROJFECTS\2186\35 { \Chanye Notice )\Help\3-FLR.dac
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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
EFFECTIVE 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 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 POINT = 0.3670 VOL/VOL
INITIAL SOIL WAIER CONTENT = 0.4270 VOL/VOL
EFFECIIVE SAT. HYD. COND. = 0.100000001000E-06 CM/SEC
GENERAL DESIGN AND EVAPORAIIVE ZONE DATA
NOTE: SCS RUNOEE CURVE NUMBER WAS USER-SPECIFIED.
SCS RUNOLF CURVE ‘NUMBER = 89.50
FRACTION OF AREA ALLOWING RUNOEE = 0.0 PERCENT
A PROJECTED ON HORI  ITAL NE = 2.620 5
EvarORATIVE ZONE DEPIH 16.0 s
INITIAL WATER IN EVAPNRATIVE ZONE = 4.359 INCHES
UPPER LIMIT OF EVA  \TIVE STORAGE = 7.248 INCHES
LOWER LIMIT 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 TINCHES
TOTAL SUBSURFACE INFLOW = 0.00  INCHES/YEAR
EVAPOTRANSPIRATION AND WEATHER DATA
NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
HANFORD WASHINGTON
STATION LATITUDE = 46.55 DEGREES
FPROJECTS\2126\351\Change Notice 1\Help\)-FLR. doe
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MAXIMUM LEAEF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE} = 103
END OF GROWING SEASON (JULIAN DATE) = 288
EVAPORATIVE ZONE DEPTH = 16.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 68.20 %
AVERAGE 2ND QUARIER RELATIVE HUMIDITY = 43.30 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 37.10 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.10 %
NOTE: PRECIPITATION DATA FOR HANEFORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE.
NOTE: TEMPERATURE DATA FOR BANEORD WASHINGTON
WAS ENTERED FROM AN ASCII DAIA FILE.
NOTE: SOLAR RADIATION DATA FOR HANFORD WASHINGION

WAS ENTERED FROM AN ASCII DATA FILE.

& Jr de dodeke ke e de e dodk ok d gk sk ke e kg ke o ke ke e e ek ke g Kok de g ko g e dr e dede g ke dede e e de e e ok ke ke e e ok ok ok ke ok e e ke ok ok ok ok ke b ok ok ke ok

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006

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

PRECIPITATION
TOTALS 1.01 0.72 0.56 0.55 0.53 0.53
0.21 0.16 .34 0.57 0.89 . 1.24
STD. DEVIATIONS 0.63 0.48 0.45 0.50 0.34 .42
0.32 D.24 0.33 0.52 0.63 0.86
RUNOFE
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000C
0.000 0.000 0.000 0.000 0 000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0 000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0 476 0.622 1.227 0.714 0.467 0.492
0 402 0.264 0.214 0.351 0.429 0.506
STD. DEVIATIONS 0.341 0.509 0.614 0.395 0.298 0.337

0.351 0.188 0.100 0.397 0.324 0.243
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LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.06BB  0.1646 0.3949 0.2257 0.1087 0.0414
0 0047 0.0006 0.0010 0.0014 0.0003 0.0177
SID, DEVIATIONS 0.2042 0 3442 0.5994 0.2678 0.0998 0.0546
0.012¢ 0.0020 0.0023 0.0047 0.0010 0.0960
PERCOLATION/LEAKAGE THROUGH LAYER 3
TOTALS 0.0083 0.0180 0.0396 0.0296 0.0177 0.0075
0.0010 0.0002 0.0003 0.0004 0.0001 0.0020
STD. DEVIATIONS 0.0209 0.0312 0.0526 0.0307 0.0155 0.0095
0.0026 0.0006 0.0006 0.0012 0.0003 0.0100
LATERAL DRAINAGE COLLECTED FROM LAYER 4
10IALS 0.0063 0.0138 0.0348 0.0342 0.0209 0.0102
0.0024 0.0003 0.0003 0.0004 0.0002 0.0010
STD. DEVIATIONS 0.0175 0.0246 0 0514 0.0387 0.0185 0.0110
0.0036 0.0007 0.0006 0.0010 0.0004 0.004B
PERCOLATION/LEAKAGE THROUGH LAYER 6
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
SID. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 ° 0.0000 0.0000 0.0000 O 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 0.0081
0.0009 0.0001 0.0002 0.0003 0.0001 0.0034
STD. DEVIAIIONS 0 0388 0.0723 ¢.1138 0.0525 0.0189 0.0107
0.0024 0.0004 0.0004 0.000%9 0.0002 0.0182
DAILY AVERAGE HEAD ON T0P OF LAYER 5
AVERAGES 0.0048 0.0115 0.0264 0.0268 0.015%9 0.0080
0.0018 0.0002 0.0002 0.0003 0.0001 0.0007
STD. DEVIATIONS: 0.0133 0.0207 . 0.0391 0.0303 0.0140 0.0086
0.0028 0.0005 0.0005 0.0008 0.0003 0.0036
ddkdkhkkkkhkkh bk krdkhhkhkhhkhk kb hkhkrhkhrxhkhrdrhdddddrhdhddhkddkkdrdrokd ik gk drddrd kb ol oo koo ok %
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I P R R R R R R s R R R s E S RS R R R RS2 R R RSRESS SR SRR RSS2 R 22 2SR SRS R REREE R & 5 8 & XL
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1955 THROUGH 2006
INCHES CU. FEET PERCENT
PRECIPITATION 7.30 (  2.032) 69424 .3 100.00
RUNOEF 0.000 { 0.0000) 0.00 0 000
EVAPOTRANSPIRATION 6.165 { 1.5248) 58629.14 84.450
LATERAL DRAINAGE COLLECTED 1.02978 ( 1.17751) 9793.829  14.10720
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.12476 ( 0.12118) 1186.508 1.70907 5
LAYER 3 B
AVERAGE HEAD ON TOP 0.017 { 0.019) : :
OF LAYER 3 .
LATERAL DRAINAGE COLLECIED 0.12‘474 { 0.12235) 1186.388 1.70889
EROM LAYER 4
PERCOLAIION/LEAKAGE THROQUGH 0.00001 ¢ 0.00001) 0.121" 0.00017
IAYER 6
AVERAGE HEAD ON TOP 0.008 { 0.008)
OF LAYER 5
CHANGE IN WATER STORAGE ~0 019 { 1.4662) ~185.17 -0.267
R R R R R 2 AR s A EE T RS R ZE SR LR PR EEEE R A FEL LSS SRS ERZEARERES RS SR ERA RS R R AR R R R R RS S
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Ik kkkdkk ok kb rdk ok hhd kkhk Rk r ok F ok kb kk bk hkhkkhkkkkkdhkdkrhkdkkdhhkdbkdhdkdhrdrdrrdrdrhhhkdd
PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006
T T nemes) qcu. T
PRECTPITATTON “1.60  15216.960
RUNOEFEF 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 2 0.49851 4741.11719
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.029578 281.30200
AVERAGE HEAD ON TOP OF LAYER 3 2.934
MAXIMUM HEAD ON TOP OF LAYER 3 4.121
LOCATION OF MAXTMUM HEAD IN LAYER 2
(DISTANCE FROM DRAIN) 14.9 IEEI
DRAINAGE COLLECTED FROM LAYER 4 0.01159 110.25708
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000001 0.00809
AVERAGE HEAD ON TOP OF LAYER 65 0.273
MAXIMOUM HEAD ON IOP OF LAYER 5 0.530
LOCATION OF MAXTMUM HEAD IN LAYER 4
(DISTANCE EROM DRAIN) 5.7 EEET
SNOW WATER 1.96 18676.5391
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4530
MINIMUM VEG. SOIL W . {VOL/VOL) 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
Veol. 119, No. 2, March 1993, pp. 262-270.
****i***ﬁ*iﬁ*t**t*t*i***t*************iiii**t**t**iit**********i*i****.*t******
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t2 S22 S22 SR RS R SRR R SRR SRR ss R s R R RS 2 R R RS R 222222 RSS AR R R R R R R

FINAL WATER STORAGE AT END OF YEAR 2006

LAYER {INCHES) {VOL/VOL)
1 7 744 Co.z1s1
2 0.3840 0.0320
3 0.0000 0.0000
4 0.3840 0.0320
5 0.0000 0.0000
6 15.3720 0.4270
SNOW WATER 0.000

FhhkokkhdrkFrh b d bk hrrrdrrhhkhdrr bbb rbdddrdrr bbb br b b r bbb bbb bk kb hd s dhn

Fhhdkkkdkhkkdhdkkrdrhr bk rhkdhhhhrdhbrdrrxhkdh b bk rh b hhhddkdk kb krhdhhhhhrhhdddhdhddihhihh
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P P R R R R R AR 2R 22 R R 22 2R 222 R R R 2R RS2 R R R R 2RSSR RS20 R R R R R RS2t s X R RN 24
L3 * ¥
* * + k
> HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE hold
>k HELP MODEL VERSION 3.07 {1 NOVEMBER 1997) *E
ok DEVELOPED BY ENVIRONMENTAL LABORAIORY *x
*k USAE WATERWAYS EXPERIMENT SIATION **
*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY >
* % % &
* & i * %
dhkhkhkd bk khkhhhdhhwhbddhhhdhhhhd b hhhdhddhkkdrhdhkhhdhdrrrhrdrd bk rrhkrdrrwdhkdkdkhkhd
B R e R L A2 222 22 X222 22 R 2 R R PSR SRS Z AR R RS IR S SRS S SRR RS 2RSS RR s R 2R
PRECIPITATION DATA FILE: C:\HELP3\HANFORD\CN1\PREC31.D4
TEMPERATURE DATA FILE: C:\HELP3\HANFORD\CN1\TEMP31.D7
SOLAR RADIATION DATA FILE: C:\HELP3\HANFORD\CN1\RAD31.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\HANFORD\CN1\HANFORD2.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\HANFORD\CNl\ss-cpen.D10
OUTEFUI DATA FILE: C:\HELP3\HANEORD\CN1\SS-0PEN .OUT
TIME: 14:35 DATE : 9/28/2007
PR TR R R R TR R TR R R TR TR AR R LR R EI R R RS R RS RS RSS R RS RS R SRR R AR RS SRS RER RS S RS
TITLE: HANFORD OPEN SIDESLOPE - 33%,255',GEOCOMP,3' OPS,GOOD FML
dhkhhhkdkkd bk kkhhrdhhdrh bk hhhhhdrdwhhhdrddbhhdhdhkhdrdrhddhhhkddhdhhrhdhkhdhhhhkdhdddrhdddkih
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 = 36.00 INCHES
POROSITY = 0.4530 VOL/VOL
FIELD CAPACITY = 0.1900 VOL/VOL
WILTING POINT = 0.0850 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2189 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.720000011000E-03 CM/SEC
F\PROJECTS\Z(86\1351\Change Notics 1\Hdp\SS-QPEN doc
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-
: o
e 7
LAYER 2 O
TYPE 2 - LATERAL DRAINAGE LAXER
MATERIAL TEXTURE NUMR 4
THICKNESS = ézépj INCHES
POROSITY = 8500 VOL/VOL

#

0.0100 VOL/VOL
0.0050 VOL/VOL
0.0101 VOL/VOL
33.0000000000 CM/SEC
33.00 PERCENT
255.0 FEET

FIELD CAPACITY

WILTING POINI

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

DRAINAGE LENGTH

Il

1

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL

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

FML INSTALLATION DEFECIS

0.0000 VOL/VOL

0.0000 VOL/VOL
0.199999996000E~12 CM/SEC

1.00 HOLES/ACRE

4.00 HOLES/ACRE

]

FML PLACEMENT QUALITY = 3 « GOOD
4
~ ez 5
LAYER 4 C) (p c Wil
TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBE &
THICKNFSS = T INCHR®
POROS = 00 voLy f
FIELD CAPACITY = 0.0100 VOL/VOL
WILT: POINT = 0.0050 VOL/VOL
INIIIAL SOIL WATER CONTENT = 0.0100 voL/VOL
‘ EEEECTIVE SAT. HYD. COND. = 33.0000000000 CM/SEC
| SLOPE = 33.00 PERCENT
DRAINAGE LENGTH = 255.0 FEET :
LAYER 5
TYPE 4 - FLEXIBLE MEMBRANE LINER
F\PROJECTS\2196\35 1\Change Notice |\Help\SS-OPEN 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
EFFECIIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 4.00 HOLES/ACRE
FMI, 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 POINT = 0.3670 VOL/VOL
INITIAL SOIL WATER CONIENT = 0.4270 VOL/VOL
EFFECTIVE SAT. HYD. COND = 0.100000001000E-06 CM/SEC
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 2B1. FEET.
SCS F : : .80
FRACTION OF AREA ALLOWING RUNOEEFE = 0.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 3.000 ACRES
EVAPORATIVE ZONE DEPTH ) = 16.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 4.014 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 7.248 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.360 INCHES
INITIAL SNOW WATER = 0.189 INCHES
INITIAL WATER IN LAYER MATERIALS = 23.262 INCHES
TOTAL INITIAL WATER 23.451 INCHES
TOTAL SUBSURFACE INFLOW = 0.00  INCHES/YEAR
EVAPOTRANSPIRATION AND WEATHER DATA
NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
FAPROJECTS\218635 NChange Nolice 1\He!p\SS-OPEN doc
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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 QUARIER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDI1Y
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

NOTE:

NOIE:

NOTE:

HANECRD WASHINGTON

[

[

i

PRECIPITATION DAIA FOR HANFORD

WAS ENTERED FROM AN ASCII DATA FILE.

TEMPERATURE DATA FOR HANE'ORD

WAS ENTERED FROM AN ASCII DATA FILE.

SOLAR RADIATION DATA FOR HANEFORD

WAS ENTERED FROM AN ASCII DATA FILE.

46.55
0.00
103
288
16.0
7 60
68 20
43.30
37.10
70.10

WCH-195
Rev. 0

Sheet 4 of 8

DEGREES

INCHES
MPH
%

%
%
%

WASHINGTON

WASHINGTON

WASHINGTON

dkhdk kA kb kb bdehkdh bk hhhhhhhkkkdhhbddekb b hkkdhhhhdhhdhhdkddk ok hkkddhhhhkhhhkdhhdhdhdhkhkdh

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 IHROUGH 2006

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

PRECIPITATION
TOTALS 1.01 0.72 0.56
. 0.21 0.16 0.34
STD. DEVIATIONS 0.63 0.48 0.45
0.32 0.24 0.33
RUNOEFE
TOTALS 0.000 0.000 0.000
0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000
0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.486 0.629 1.204

0.344 0.240 0.196

FAPROJECTS\2186\951\Change Notice 1\He!p\SS-OPEN doc
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0.000
0.000

0.000
0.000

0.692
0.321

0.000
0.000

0.000
0.000

0.450
0.430

0.000
0.000

0.000
0 000

0.446
0.503
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STD. DEVIATIONS 0.338  0.492 0.608  0.385  0.308 0 272
0.349 0,194 0.118  0.405  0.338 0 237
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.0860 0.1811 0.3734 0.2232 0 1229 0.0717
0.0433 0.0305 0.0315 0.0369 0,0431 0.0697
STD. DEVIATIONS 0.1275 0.4189 0.5356 0.2602 0.0973  0.0594
0.0432 0 0409 0.0339 0.0328 0.0382 0.1087
PERCOLATION/LEAKAGE THROUGH LAYER 3
TOIALS 0.0052 0.0061 0.0108 0.0104 0.0085 0.0060
0.0040 0.0031 0.0032 0.0038 0 0042 0.0049
STD. DEVIAITONS 0.0053 0.0076 0.0111 .0.0084 0.0054  0.0042
0.0035 0.0033 0.0029 0.0029 0.0033 0.0045
LATERAL DRAINAGE COLLECIED FROM LAYER 4
TOTALS 0.0052 0.0061 0.0108 0.0104 0.0085 0.0060
0.0040 0.0031 0.0032 0.0038 0.0042 0.0049
STD. DEVIATIONS 0.0053 0.0076 0.0111 0.0084 0.0054 0.0042
0.0035 0.0033 0.0025 0.0029 0.0033  0.0045
PERCOLATION/LEAKAGE THROUGH LAYER 6
| 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 3
15
| AVERAGES 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000
| 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0001 0.0001 0.0001 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
DAILY AVERAGE HEAD ON TOP OF LAYER 5
AVERAGES 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000
0.000C 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
F\PRQJECTS5\2186\35 NChange Notice l\Hdp\SS-OP_EN dos
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[ Z R IR R RS R S R E R RS R AR R R R R R s s e A R IS R RS R R L SR RS AR AR RIS RASESE R SRR SRR AR R R R R R XX 1
*****;ﬂ******i********i*****i**i*i******i*******'**ii********************i******
AVERAGE ANNUAL TOTALS & (STD DEVIAIIONS) FOR YEARS 1955 THROUGH 2006
INCHES CU. EEET . PERCENT
PRECIPITATION . 7.30 ! 2.032) 79493.5 100.00
RUNOF E 0.000 ( 0.0000) 0.00 0.000
EVAPOTRANSPIRATION 5.938 { 1.5185) 64674.70 91 .358 '
LATERAL DRAINAGE COLLECTED 1.31319 ( 1.20765) 14300.664 17.98973 i
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.07019 { 0.03864) 764.315 0 96148 -
LAYER 3 ;
AVERAGE HEAD ON TOP 0.000 | 0.000)
OF LAYER 3
LATERAL DRATNAGE COLLECTED 0.07018 ( 0.03864) 764.314 0.96148
FROM LAYER 4
PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.000 0.00000
LAYER 6
AVERAGE HEAD ON IOP 0.000 { 0.000)
OF LAYER 5 :
CHANGE IN WATER STORAGE -0.023 ([ 1.4326) ~246.20 -0 310
P E R R R R R R R R AR R R R R E s E R R R R R R LR R RS N R R R SR RS SRS LR R E RS SRS RS TTLEEE R RS RS SRS T T 8]
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*hkdkkdkkdkkhkhhkkhkkhbhkdrddhhbdddkhkhkhdhdhhrhrhhdodhdhbhrbhhbkhkhkhkhrkdrhhkrhdrhkhkrxhhrbhdkrhkhrik
PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006
o T imemes) (co. FT.
PRECTPTIATION 10 17424.000
RUNOFEF 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 2 0.70029 7626.13477
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.004489 48.88398
AVERAGE HEAD ON TOP OF LAYER 3 0.005
MAXIMUM HEAD ON IOP OF LAYER 3 0.006
LOCATION OF MAXIMUM HEAD IN LAYER 2
| {DISTANCE FROM DRAIN) 0.0 FEET
| DRAINAGE COLLECTED FROM LAYER 4 0.00449 48 .88398
PERCOLATION/LERKAGE IHROUGH LAYER 6 0.000000 0.00000
AVERAGE HEAD ON TOP OF LAYER 5 0.001
MAXIMUM HEAD ON TOP OF LAYER 5 0.000
LOCATION OF MAXIMUM HEAD IN LAYER 4
(DISTANCE FROM DRAIN) 0.0 EEET
SNOW WATER 1.96 21385.3496
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4530
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0850
***  Maximum heads are computed using McEnroe's equations. ***
Reference: Mazimum Saturated Depth over Landfill Linex

by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmental Engineering

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

dkhkkkkhkhkkhkkhdkhkhhokk kb hhkhbh ko hkhhhhkhkkhkhhkdkkhkk Ak kb ok ko hdhdkhddhhddhkddkokhokdokkhdhah
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dkhwdhhhhdh ok khhkr ko kkwrhhdhh kbbb dokdr bk bk hkkdhhkkhkkdkkkhkdkk bk bk bk hhkkkhkdkkk

FINAL WATER STORAGE AI END OF YEAR 2006

LAYER (INCHES) {(VOL/VOL)
1 73686 o.2007
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
SNOW WAIER 0.000

\V***************i*****i************‘****************************************"'**

hhkhkhkhkdkhkdkhkh bk khkdhdrerhdhdhhhkdr kbbb w bk hkhkhdhhddhdbkdbhdr kb hdk b hdkh bbbk hddkdddkkhd i
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IR R R R E S R R RS R R R R S R S R R R R R R R R R R R RS R R R R LSRR RS SRR RS R RS SRS RE R RS R R ER RS

L2 2 e R S E R S R R RS R E R AR SR AR R R R R AR R R R R R SRR R RS R R R RS R RS RRR R RS

* k
*

o HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
il HELP MODEL VERSION 3 .07

{1 NOVEMBER 1397)

** DEVELOPED BY ENVIRONMENTAL LABORATORY
*x USAE WATERWAYS EXPERIMENT STATION
*x FOR USEPA RISK REDUCTION ENGINEERING I.ABORATORY *x

* ¥

& A&
* &
L2 3
&k
* &

* &

*

* *

*hkhkhhhhkhhhhhhhhkhdhhhkdkhhkhhkhkhhhhhkhdhhkdhhkdh bk bk dkkh b hkh bk dhhkhdkhhhkkdrrhkhk kb kdhhd

dhk ANk bk hhhhkkdhkhkdhhkhdhhhhhdhddrhd kbbb kb kb kb kb kb h b bk hdh bk hrkhkhdhkdkhhhkhhhd

PRECIPITATION DATA FILE: C:\HELP3\HANFORD\CN1\PREC31.D4
TEMPERATURE DATA FILE: C:\HELP3\HANFORD\CNI\TEMP31.D?
SOLAR RADIATION DATA FILE: C:\HELP3\HANFORD\CN1\RAD31.D13

EVAPOTRANSPIRATION DATA: C:\HELP3\HANFORD\CN1\HANFORD2.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\HANFORD\CN1\15FLR-10.D10
OUTPUT DATA FILE: C:\HELP3\HANFORD\CN1\15FLR-10.0UT

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

dhhkkhhkhkhkhhhkhkdhkdbhhhdhbhkdrhkdrhdhbdhhdhhhkd kb hkhhkhhkhhhkhdhkhhhkhhhkhkhhkhkhhkhhkdkhrhrhhhkhhh

TITLE: HF FLR: 1.5%,50',12"GRAV@0.05 CM/S,GOOD FML,3'0OPS,10'WASIE

e R R R R R R R R S R SRR R R AR RS E R R RS R R SR R R R SRR R R S E R R R TR RS SRR R R R R R SR 2

NOTE: INIIIAL MOIS] e I OF THE L .S ARD
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INTTIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

F\PROJECTS\21 86135 \Changs & 1Hedp\L SFLR-10 doc
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PERCOLATION LAYER
MATIERIAL TEXTURE NUMBER 3

]

12.00 INCHES
0.4530 VOL/VOL

0.1900 VOL/VOL
0.0850 VOL/VOL
0.3361 vOL/VOL

0.720000011000E-03

w

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
EIELD CAPACITY 0.1310 VOL/VOL
WILIING POINT 0.0580 VOL/VOL
INITIAL SOIL WATER CONTENT "0.1288 VOL/VOL
EFEECTIVE SAT. HYD. COND. 0.100000005000E-02

Ik

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 6

THICKNESS = 36.00 INCHES
POROSITY = 0.4530 VOL/VOL
FIELD CAPACITY = 0.1900 VOL/VOL

0.0850 VOL/VOL
0.1900 VOL/VOL
0 720000011000E-03

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

TYPE 2 - LAIERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER O

THICKNESS = 12 00 INCHES
POROSITY 0.3970 VOL/VOL
FIELD CAPACITY 0.0320 VOL/VOL
WILTING POINT 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0320 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.500000007000%-N1
SLOPE . = 1.50 PE IT
DRAINAGE LENGIH 50.0 EEET

|t

I

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL

WILTING POINT = 0.0000 VOL/VOL

F\PROJECTSZ|86\35 1\Chanpe Notice 1\Help\] SFLR-10 doc
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CM/SEC
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0.0000 VOL/VOL
0.199999936000E~-12 CM/SEC

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY 1 00 HOLES/ACRE
EML INSTALLATION DEEECTS 4.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

i

TYPE 2 -~ LATERAL DRAINAGE LAYER
MATERIAL TEXIURE 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
EFFECTIIVE SAT. HYD. COND 0.500000007000E-01 CM/SEC
SLOPE 1.50 PERCENT
DRAINAGE LENGTH 400.0 FEET

I

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXIURE NUMBER 35

IHICKNESS = 0.06 INCHES

POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINI = 0.0000 VOL/VOL

0.0000 VOL/VOL
0.1999839996000E~-12 CM/SEC
1.00 HOLES/ACRE
4.00 HOLES/ACRE

3 - GOOD

I

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

[L INSTALLATION DEEECTS
FML PLACEMENT QUALIIY

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS = 36.00 INCHES
POROSITY = 0.4270 VOL/VOL
EIELD CAPACITY = 0.4180 VOL/VOL

0.3670 VOL/VOL
0.4270 VOL/VOL
0.100000001000E-C6 CM/SEC

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

o

I
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA
NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.
SCS RUNOFF CURVE NUMBER = 89.50
ERACTION OF AREA ALLOWING RUNOEE = 0.0 PERCENT
AREA PROJECTIED 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 INIIIAL WATER = 42.655 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
EVAPOIRANSPIRATION AND WEATHER DATA
NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED EROM
HANFORD WASHINGTON
STATION LATITUDE = 46.55 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 103
END OF GROWING SEASON (JULIAN DATE) = 288
EVAPORAIIVE ZONE DEPTH = 16.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 15T QUARTER RELATIVE HUMIDITY = 68.20 %
AVERAGE 2ND QUARIER RELATIVE HUMIDITY = 43.30 %
AVERAGE 3RD QUARIER RELATIVE HUMIDITY = 37.10 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.10 %
NOTE: F 'IT A HA WASHI N
was ENTERED FROM AN ASCII DATA FILE.
NOTE: TEMPERATURE DATA FOR HANFORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE.
NOTE: SOLAR RADIATION DATA FOR HANEORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE,
F:APROJECTS\2186\35 {\Change Notice 1\Help\1 SFLR- 148 doc
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dhkdkhhkhkkhkhkkkkhhhkkbkhrhkhkhkbhhhkhkhhhhrwrhhhhkhkhkhkhkhkhkhkhhkhkdhdhhkhkhdhhhkhkhkhhkhkddhdhdhddhkhdhhkhkhikk
AVERAGE MONIHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
PRECIPITATION
TOTALS 1.01 0.72 0.56 0 55 0.53 0.53
0.21 0.16 0.34 0.57 0.89 1.24
STD. DEVIATIONS 0.63 0.48 0.45 0.50 0.34 0.42
0.32 0.24 0.33 - 0.52 0.63 0.86
RUNOEE :
TOIALS 0.000 0.000 0.000 0.000 0.000 0.000 ;
0.000 0.00C 0.000 0.000 0.000 0.000 7
STD. DEVIATIONS 0.000 0 000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0 000 0.000 0.000
EVAPOTRANSPIRATION ;
TOTALS 0.484 0.603 1.210 0.684 0.463 0.539 ;
0.361 0.241 0.201 0.357 0.142 0.525 :
STD. DEVIATIONS 0.336 0.489 0.601 0 393 0.300 0.399%
0.299 0.186 0.101 0.397 0.328 0.238
LATERAL DRAINAGE COLLECTED FROM LAYER 4
TOTALS 0.0599 0.0575 0.0625 0.0584 0.0871¢2 0.0827
0.0662 0.0553 0.0544 0.0605 0.0599 0.0628
STD. DEVIATIONS 0.0521 0.0499 0.0453 0.0365 0.1357 0 1278
0.1056 0.0870 0.0697 0.0650 0.0604 0.0586
PERCOLATION/LEAKAGE THROUGH LAYER 5
TOIALS 0.0204 0.0194 0.0214 0.0202 0.0262 0.0246
0.0205 0.0177 0.0181 0.0202 0.0200 0.0210
STD. DEVIATIONS 0.0138 0.0129 ©0.0122 0.0103 0.0265 0.0257
0.0229 0.0202 0.0168 0.0160 0.0153 0.0151
LATERAL DRAINAGE COLLECTED FROM LAYER 6
TOTALS 0.0198 0.0187 0.0209 0.0204 0.0227 0.0240 E
0.0236 0.0205 0.0185 0.0194 0.0194 0.0205 '
STD. DEVIATIONS 0.0147 0.0128 0.0132 0.0113 0.0140 0.0209
0.0227 0.021¢ 0.0189 0.0172 0.0154 0.0153
PERCOLATION/LEAKAGE THROUGH LAYER §
F\PROJECTS\218635 \Change Notiee 1\Help\ SFLR-10.doc
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TOTALS 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

WCH-195
Rev. 0

Sheet 6 of 9
0.0000
0.0000

0.0000
0 0000

DAILY AVERAGE HEAD ON TOP OF LA
AVERAGES 0.0227
0.0251

S1D. DEVIATIONS 0.0198
0.0401

DAILY AVERAGE HEAD ON TOP OF LA
AVERAGES 0.0602
0.0715

STD. DEVIATIONS 0.0446
0.0689

0.0237
0.0213

0.0172
0.0273

0.0635
0.0581

0.0400
0.0591

o

o

.0000 0.0000
.0000 0.0000
.0000 0.0000
.0000 0.0000
{INCHES)
.0229 0.0333
.0230 0.0235
.0143 0.0515
.0247 0.0237
.0638 0.0689
.0589 0.0609
.0355 0.0424
.0522 0.0482

0.0324
0.0238

0.0501
0.0222

0.0752
0.0623

0.0655
0.0465

Hhkhkdhhkdkhkhkhkkddrhkhkhkhkdddrhdhkhkdhhkhkhkdhhhkdhbhkhkhkhkhhhhbdhbhfhhhhkhbrhhb kbbb bbb bdhkhhhbdkd dhd ket

hkkhkhkhkkkkhdhkhkhk kX hkhdhkkhkdhhhhkdhhkhkorhhhdkhdhhhkhkhkhdhhhddkhkhkhhhhkdhhhhhhdddkhhkkdhkdhhkkhkdrkd

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 O

LATERAL DRAINAGE COLLECTED
FROM LAYER 6

PERCOLATION/LEAKAGE THROUGH

F\PROJECTS\2126\351\Change Notice 1\Help\1 SFLR-10 doc

INCHES CU. FEET
7.30 ( 2.032) 72869.0
0.000 { 0.0000) 0.00
6.114 { 1.5253) 61037.11
0.76808 ( 0.78868) 7667.361
0.24967 ( 0.18143) 2492 .360
0.025 ( 0.025)

0 24840 ( 0.17933) 2479.621
0.00008 ( 0.00005) 0 822

Design Analysis Variance Report ERDF Cellis 7-10

October 2007

83.763

10.52211

3.42033

3.40285

0.00113
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LAYER 8
AVERAGE HEAD ON TOP 0.064 | 0.046)
OF LAYER 7
CHANGE IN WATER STORAGE 0.169 (| 1.6624) 1684.12 2.311

kkkhkkkkkkkhkhhdhhhkhkhhkkhkhhh kb ok hk ok ko khkk bk ok hhkkkhhkhkkdhxhhhhkhhkbhdrhhhhhrhdk
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WCH-195

Frckbrkk bk hdrhdhkkbhrhhkk ok bk kb hrbrrhdkkdk b kbbb bk bk bkdb kbbb bk ok kb kkddrkdddddd

PEAK DAILY VALUES FOR YEARS 1955 1HROUGH 2006

. PRECIPITATION

RUNOEE

DRAINAGE COLLECTED FROM LAYER 4
PERCOLATION/LEAKAGE THROUGH LAYER
AVERAGE HEAD ON TOP OF LAYER 5
MAXIMUM HEAD ON TOP OF LAYER 5

LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN)

DRAINAGE COLLECTED FROM LAYER 6
PERCOLATION/LEAKAGE THROUGH LAYER
AVERAGE HREAD ON TOP OF LAYER 7
MAXIMOM HEAD ON TOP OF LAYER 7

LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN)

SNOW WATER

MAXIMUM VEG. SOIL WATER ({VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

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

.60

1

0
0.

0.

0

0.

7

0.

0.

Q

0.

15.

1.

Reference: Maximum Saturated Depth

by Bruce M. McEnroce,

.000

02857

005483

336

578

0 FEET

00426

.000001

401

,770

.7 FEET

26

er Landfill Liner
University of Kansas

ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.

Fhhhkhhkdhh kb hkhr bbb rh bk kb d kb kkkhhdhdrhhhrhdrdhdb bbbk bdrrdkdkdhdrdk darhdkdhhdd
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{CU. ET.)
15972 .,000
0.0000
285 .15463
54.73595
42 .51468
0.01202
19603 .2383
0.4540
0.0783
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dhhhhhhhkhkhkhdhdkhkirhkhahhkdhhhkdhhhhkhhrkhhhrhkhhhkkkh kb kb hhkhFrdhhkhrhrFh ek hkhkkhhhkn

FINAL WAIER STORAGE AT END OF YEAR 2006

8

SNCW WAIER

0.4012
0.0000
0.4212
0.0000
15.3720

0.000

0.2091

0.0334

0.0000

0.0351

0.0000

0.4270

dhkkdhhkhhhkkdhhhhhkhhhkhhrhhrdrbhdrrhra b hxdrdkkhhrhhr bbbk dkdrhrhhhkrhkdhkrdrhhhdhhddwkddddddwdd

Frd ko k ko dddede g ddr drk gk ok ke kohd ek dededoh ok kb kg ok e de ok g ol vk vk de e de e b e & ke ke e e e ok sk ke 3 e ok kK ek o
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I E R T EEEEETREZERERE R RS R EERARZS SRR SR EERERRREEE R ERE R R EEE S EREREEEEEETELTEEEEETESE R ES EEEY
I ET SR RS ESREREERR 2SS ER R R R SRR R R RS SRS RS RRRRRERREE AR RS SRS RERE R RSN SRE R R S X R 2
* % +* %k
* & N * &
** HYDROLOGIC EVALUATION OF LANDFEILL PERFORMANCE *
* & HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **
** DEVELOPED BY ENVIRONMENTAL LABORATORY * %
>k USAE WATERWAYS EXPERIMENT STATION *x
*k FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **
* * &
+ & * ¥
I AT EREEREZEE SRS REERSRER S A2 R 2R R R RS R R RE RS R AR RS RS RRR R RS RRRRR SRR RSRS R d R X8 2
khkkhkkkhkhkkkahkhkhkdrhhhkhk bk hkhb kb hkhkhkhkhhkhkdrhbhhbhkhbhhdkhhkhhhhhhrhhkhhhkhkhkhkhkhkkhkkbkhkkdhhkhdhhhkki
PRECIPITATION DATA FILE: C:\HELP3\HANFORD\CN1\PREC31.D4
TEMPERATURE DAIA FILE: C:\HELP3\HANFORD\CN1\TEMP31.D7
SOLAR RADIATION DATA FILE: C:\HELP3\HANFORD\CN1\RAD31.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\HANFORD\CN1\HANFORD2 .D11
SOIL AND DESIGN DATA FILE: C:\HELP3\HANFORD\CN1\3FLR~10.D19Q
OUTPUI DATA FILE: C:\HELP3\HANFORD\CN1\ 3FLR-10.0UI
TIME: 14:31 DATE : 9/28/2007
khhkhhkhkdbhhhhkhhkhkhkhkhkhkhkkhdrhkhkhdkhkhhhkhkrhkhhwhkbhhhkhhhhkhuohkhkhkhkhhkhhhkhkhhhhhkdhhkdrdhkhrhkhhkhhkhkh
TITLE: HF FLR: 3%,50',12"GRAVE@0.05 CM/S,GOOD FML,3'0OPS,10' WASTE
I EE PSS TSSTELER SR EE RS R RS R RS R RS2 RRRRRRRZARZRRIRRRXRRSRRRLAERRR S RERtRRRRERRERZS]
NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.
LAYER 1
TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 6
THICKNESS = 12.00 INCHES
POROSITY = 0.4530 VOoL/VOL
FIELD CAPACITY = 0.1900 VOL/VOL
WILTING POINT = 0.0850 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3361 vVoOL/VOL
EEFECTIVE SAT. HYD. COND. = 0,720000011000E-03 CM/SEC
F\PROJECTS\2186\35 [\Change Notice I\Help\AFLR-10 do¢
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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 = 0.1310 VOL/VOL

0.0580 VOL/VOL
0.1288 VOL/VOL

WILTING POINT
INITIAL SOIL WATER CONTENT

I

EFFECTIVE SAI. HYD. COND. = 0.100000005000E-02
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 = 0.0850 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1900 VOL/VOL
EFFECTIVE SAT. HYD. COND, = (0.720000011000E-03
LAYER 4
IYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0
THICKNESS = 12.00 INCHES
POROSITY = 0 3970 VOL/VOL

0.0320 VOL/VOL
0.0130 VOL/VOL
0.0320 VOL/VOL
0.500000007000E-01
3 00  PERCENT
50.0  FEET

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECIIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

]

TYPE 4 ~ FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES

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

FAPROJECTS\2186\351\Change Noticz NHcpOFLR-10 doc
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INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL

EFFECIIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
EML PINHOLE DENSITY = 1.00 HOLES/ACRE
EML INSTALLATION DEFECTS = 4.00 HOLES/ACRE
FML PLACEMENT QUALIIY = 3 - GOOD
LAYER 6

1YPE 2 - LATERAL DRAINAGE LAYER
MAIERIAL TEXTURE NUMBER 0O

THICKNESS = 12.00 INCHES
POROSITY = 0.3970 VOL/VOL
FIELD CAPACITY 0.0320 VOL/VOL
WILTING POINT 0.0130 VOL/VOL
INITIAL SOIL WATER CONIENT 0.0320 VOL/VOL
EFFECTIVE SAI., HYD. COND. 0.500000007000E-01 CM/SEC
SLOPE 3,00 PERCENT
DRAINAGE LENGTH 200.0 FEEI

il

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06  INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY 0.0000 VOL/VOL
WILTING POINT 0.0000 VOL/VOL
INITIAL SOIL WAIER CONTENT 0.0000 VOL/VOL
EFFECTIVE 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

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 16
THICKNESS = 36.00 INCHES
POROSITY = 0.4270 VOL/VOL
FIELD CAPACIIY 0.4180 VOL/VOL
WILTING POINT 0.3670 VOL/VOL
INITIAL SOIL WATER CONTENT 0.4270 VOL/VOL
EEFECTIVE SAT. HYD. COND. 0.100000001000E-06 CM/SEC

F\PROJECTS\2136\351\Change Notice NHelp3FLR- 10 dac
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA
NOTE: SCS RUNOFE CURVE NUMBER WAS USER-SPECIEFIED.
SCS RUNOQFF CURVE NUMBER = 89.50
FRACTION OF AREA ALLOWING RUNOEF = c.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 2.620 ACRES
EVAPORATIVE ZONE DEPTH = 16.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 4.284 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 7.264 INCHES
LOWER LIMIT OF EVAPORATIVE SIORAGE = 1 252 INCHES
INITIAL SNOW WATER = 0.189 INCHES
INITIAL WATER IN LAYER MAIERIALS = 42,466 INCHES
IOIAL INITIAL WATER = 42.655 INCHES
TOIAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
EVAPOTRANSPIRATION AND WEATHER DAIA
'NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
HANEORD WASHINGTON
STATION LATITUDE = 46.55 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
STARI OF GROWING SEASON (JULIAN DATE) = 103
END OF GROWING SEASON (JULIAN DATE) = 288
EVAFORATIVE ZONE DEPTH = 16.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 68.20 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 43.30 %
AVERAGE 3RD QUARTF® RELATIVE HUMIDITY = 37.10 %
AVERAGE 4TH QUA RELATIVE HUMIDITY = 70.10 %
NOTE: PRECIPITATION DATA FOR HANEFORD WASHINGTON
WAS ENIERED FROM BN ASCII DATA FILE.
NOTE: TEMPERATURE DATA EOR HANFORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE.
NOTE: SOLAR RADIATION DATA EOR HANFORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE.
F:APROJECTS\2186\151\Change Notice IHelpIFLR-10 doc
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006

PRECIPITATION
TOTALS 1.01 0 72 0.56 0.55. 0.53 0.53
0.21 0.16 0.34 0.57 0.89 1.24
STD DEVIATIONS 0.63 0.48 0.45 0.50 0.34 0.42
0.32 0.24 0.33 0.52 0.63 0.86
RUNOE E
IOIALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0 000
EVAPOTRANSPIRATION
TOTALS : 0.484 0.603 1.210 0.684 0.463 0 539
0.361 0.241 0.204 0.357 . 0.442 0.525
STD. DEVIATIONS 0.336 0.489 0 601 0.393 0.300 0.399

0 299 0.186 0.101 0.397 0.328 0.238

LATERAL DRAINAGE COLLECTED FROM LAYER 4

TOTALS 0.0673 0.0644 0.0703 0.0658 0.0987 0.0908
0.0726 0.0614 0.0609 0.0679 0.0670 0.0702

STD. DEVIATIONS 0.0571 0.0544 0.0496 0.0401 0.1519 0 1355
0.1129 0.0934 0 0753 0.0707 0.0653 0.0637

TOTALS 0.0132 0.0125 0.0138 0 0131 0.0169 0.0156
0.0129 0.0113 0.0117 0.0131 0.0129 0.0136

STD. DEVIATIONS 0.0087 0.0081 0.0077 0.0065 0.0170 0.0159
0.0143 0.0126 0.0105 0.0101 0.0097 0.0095

LATERAL DRAINAGE COLLECTED FROM LAYER 6

TOTALS 0.0130 0.0124 0.0137 0.0131 0.01le6l 0.0160
0.0139 0.0116 0.0115 0.0128 0.0128 0.0135

STD. DEVIATIONS 0.0088 0.0082 0.0079 0.0066 0 0134 0.0163
0.0145 0.0131 0.0108 0.0102 0.0097 0.0087

PERCOLATION/LEAKAGE THROUGH LAYER 8

FAPROJECTS2186\3S '\Change Notica NHelF\SFLR-10 doc
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TOTALS 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

0.0000
0.0000

0.0000
0.0000

0.0000
0 0000

WCH-195
Rev. 0

Sheet 6 of 9
0.0000
0.0000

0.0000
0.0000

AVERAGES 0.0128
0.0138
STD. DEVIATIONS 0.0108
0.0214

AVERAGES 0.0099
0.0105
STD. DEVIATIONS 0.0067
0.0110

0.0133
0.0120

0.0094
0.0148

.0104
.0090

[oNe]

0.0060
0.0085

0.0129
0.0129

0.0079
0.0134

0.0102
0.0098

0.0052
0.0077

0.0187
0.0131

0.0288
0.0128

0.0122
0.0101

0.0102
0.007¢

0 0178
0.0133

0.0266
0.0121

0.0126
0.0103

0.0128
0.0073

Fhh kot k Ak kdhh ko kb kA kA khk ok ko k ok kkkhk kA khk ok ko hhh A Ak kb kd ok ko ko hkk ko

Gk kdkkh bk bbb rhkrhhderd bk bk bbbk bk kb d kb dkkd ok ko ke drdk ik doved sk bk & ook do o o ok o

AVERAGE ANNUAL TOIALS & (STD. DEVIATIONS) FOR YEARS 1855 THROUGH 2006

0.0000)
1.5253)

0.85624)

0.11388)

0.014)

0.11372)

INCHES
P. IPIIATION 7.30 (
RUNOFE 0.000 {
EVAPOTRANSPIRATION 6.114 (
LATERAL DRAINAGE COLLECTED 0.85737 ({
BFROM LAYER 4
PERCOLATION/LEAKAGE THROUGH 0.16063 (
LAYER 5
AVERAGE HEAD ON TOP 0.014 {
OF LAYER 5
LATERAL DRAINAGE COLLECTED 0.16039 {
FROM LAYER 6
PERCOLATION/LEAKAGE THROUGH 0.00002 [

F\PROJECTS2136\351\Change Notics 1\Hdp3FLR-10.doc
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0.00001)

58151.

8154.

1527.

1525.

.00

72

128

660

449

.168

83.763

11 74535

2.20047

2.19728

0.00024
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LAYER 8
AVERAGE HEAD ON TOP. 0.010 { 0 007}
OF LAYER 7
CHANGE IN WAIER STORAGE 0.167 { 1.6593) 1592.85 2.294

LER S TSR R SRS RS ARl R E R R R R R S R R R R e  EE 22 ]
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P L2 222222 R R S R R R R e R R S R E R R RS RS R R RS R RS SR RS E R R g
PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006
T hemes) qews e
PRECIPTIAITON e 15216 960
RUNOEFE 0.000 0.0000
DRAINAGE COLLECTED EROM LAYER 4 0.03090 © 293.87607
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.003428 32.60663
AVERAGE HEAD ON TOP OF LAYER 5 0.182
MAXIMUM HEAD ON TOP OF LAYER 5 0.342
LOCATION OF MAXIMUM HEAD IN LAYER 4
{DISIANCE FROM DRAIN) 3.0 EEEI
DRAINAGE COLLECTED FROM LAYER 6 0.00327 31.07392
PERCOLATION/LEAKAGE fHROUGH LAYER 8 0.000000 ' 0.00257
AVERAGE HEAD ON TOP OF LAYER 7 0.077
MAXIMUM HEAD ON TOP OF LAYER 7 0.152
LOCATION OF MAXIMUM HEAD IN LAYER 6
(DISTANCE FROM DRAIN) 2.2 FEEI
SNOW WATER 1 96 18676.5391
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4540
MINIMUM i  SOIL (VOL/VOL) R 0.0783
*%% Maximum heads are computed using McEnroe's eguations. **¥*
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.
KAk kA bk ok ok b Ak Ak Rk ARk Ak ok ok ok kb ok kK ko bk kb ko bk ok bk ok ok Rk
FPROJECTS2{361351\Changs Notice IHelpSFLR-10 doc
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ddkkkhhkhkkkhkhd bk bbbk kkkk kb ko krk bk ko ko kkkkk kb bk kb hhh ok ko hhhkhkhk kb kdkkkhkhkkhdkk

EINAL WATER STORAGE AT END OF YEAR 2006

8

SNOW WATER

0

0.

0.

15

0.

.5275

.3936

.0000°

3907

0000

.3720

.000

0 2091

0.0328

0.0000

0 0326

0.0000

0.4270

Whhdkdhhkkdkhhkdkhkhhhhhhdhkhhkdhdkkddbkkkhkhkbkbkhkkkd kb bdhkhrhdhkdkkh bk bk drdrrhrdhrhkhkddhdddddkdkd

22222 RS RS RSS2l st i d st ls s il i i i i 2 2SR Rl s X A0R R TR R R
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Rev. 0
Sheet 1 of 9
dhhkhkhhkkhkhkhkkhkhkkhkhhhkhhdhdhrhdkdhkdkhhhkdhdhdhhhkkdhkdddhdddddd gk dddh kohdkddd dkd dkkkkkddkkd
dhkkkkdhkkhkk ko kkhhkrkhddkd bbb bk drhhhk kb ko dhkhhhdhd kb h b hddhhkdhdhdrhhkhddkdhhhdddd
J J **
% % * %
* ok HYDROLOGIC EVALUATION OF LANDEILL PERFORMANCE ok
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) wx
** DEVELOPED BY ENVIRONMENIAL LABORATORY *k
* ok USAE WATERWAYS EXPERIMENT STATION ok
ok FOR USEPA RISK REDUCIION ENGINEERING LABORATORY *k
* % * &
% %k L& 4
dhdkh ok kdk ok ko khh ok bk k ok hdkhh kA hhhhhdkhkhhh kb drhhhhhrddhdhhkkdhhkhdhrdhhhkhdh bk dhkhdhdkdhx
drdc ded g e de sk deook ok kg de e e ok o v gk e ok o e ke e o ke gk ke e e ke e o e e sk e e e e e e e o e ke e e e ok ook ok e ke o e e ke e ek e ke ok R
PRECIPITATION DATA EILE: C:\HELP3\HANFORD\CN1\PREC31 .D4
TEMPERATURE DATA FILE: C:\HELP3\HANFORD\CN1\1EMP31 ,D7
SOLAR RADIAIION DATA FILE: C:\HELP3\HANFORD\CN1\RAD31.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\HANFORD\CN1\HANFORD2 .D11
SOIL AND DESIGN DATA FILE: C:\HELP3\HANEORD\CN1\SS-10.D10
OUTPUT DATA FILE: C:\HELP3\HANEORD\CN1\SS-10 .0UT
TIME: 14:32 DATE: 9/28/2007
Fokkkkhkhkkdkdkdkddh ok kdddddodkdkd ok d ok drokodd ok drokk ded ook g de ok ek ke g e de d e ke ok ok ke d e v de ok e e ek o
TITLE: HANFORD SIDESLOPE-33%,255',GEOCOMP,3' OPS,GOOD FML,10'WASTE
******************************i*******i*i**************‘***********i**********i
NO' INITIAL MO U CONTENT OF T E AND [OW WATER B
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.
i LAYER 1
|
‘ TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER [3
| THICKNESS = 12.00 INCHES
POROSITY = 0.4530 VOL/VOL
FIELD CAPACITY = 0.1900 VOL/VOL
WILTING POINT = 0 0850 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3160 VOL/VOL
EFFECTIVE SAT. HYD. COND = (0.720000011000E-03 CM/SEC
F\PROJECTS\2186\38 1\Change Notice NHelp\S5-10 doc
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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
WILTING POINT = 0.0580 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1350 VOL/VOL
EFFECTIVE SAI. HYD COND = 0.100000005000E-02 CM/SEC
LAYER 3
TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXIURE NUMBER 6
THICKNESS = 36.00 INCHES
POROSITY = 0.4530 VOL/VOL
FIELD CAPACITY = 0.1300 VOL/VOL
WILTING POINT = 0.0850 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1900 VOL/VOL
EEFECTIVE SAT. HYD. COND. = 0.720000011000E-03 CM/SEC
.4
~ .2 6
M -~
LAYER 4 . k<
IYPE 2 - LATERAL DRAINAGE ¥AYER
MATERIAL TEXTURE NUM 4
THICKNESS o= v.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
EFFECIIVE SAT. HYD. COND. = 33.0000000n000 CM/SEC
SLOPE = 33.00 ‘CENI
DRAINAGE LENGTH = 255.0 FEET
LAYER 5
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0 0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
Page 65 of 345
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INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

EML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

h

0.0000 VOL/VOL
0.199999936000E~12 CM/SEC
1.00 HOLES/ACRE
4.00 HOLES/ACRE

3 - GOOD

IYPE 2 - LATERAL DRAINAGE ER
MATERIAL TEXTURE NUMBER -84

THICKNESS =
POROSITY =
FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAI. HYD. COND.
SLOPE

DRAINAGE LENGTH

]

I

0.5 INCHES
.8500 VOL/VOL

0.0100 VOL/VOL

0.0050 VOL/VOL

0.0100 VOL/VOL
33.0000000000 CM/SEC

33.00 PERCENT
255.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PTNHOLE DFNSITY

EML Il ALLAT 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

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENI
EFEFECTIVE SAT. HYD. COND.

0o
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36.00 INCHES
0 4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL
0.4270 VOL/VOL

0.100000001000E-06 CM/SEC

0.6
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GENERAL DESIGN AND EVAPORAIIVE ZONE DATA
NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DAIA BASE USING SOIL TEXIURE # 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 RUNOEF = 0.0 PERCENT
AREA PROJECTED ON HORIZONIAL PLANE = 3.000 ACRES
EVAPORATIVE ZONE DEPTH = 16.0 INCHES
INIIIAL WATER IN EVAPORATIVE ZONE = 4.042 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 7.264 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.252 INCHES
INITIAL SNOW WATER = 0.189 INCHES
INITIAL WATER IN LAYER MATERIALS = 42.213 INCHES
TOTAL INITIAL WATER = 42 402 INCHES
TOTAL SUBSUREACE INFLOW = 0.00 INCHES/YEAR
FVAPOTRANSPIRATION AND WEATHER DATA
NOIE: EVAPOTRANSPIRATION DAIA WAS OBRTAINED FROM
HANFORD WASHINGTON
STATION LATITUDE = 46.55 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 103
END OF GROWING SEASON (JULIAN DATE) = 288
EVAPORATIVE ZONE DEPTH = 16.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 68.20 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 43.30 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 37.10 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.10 %
NOTE: PRECIPIIAIION DATA FOR HANFORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE. )
NOTE: TEMPERATURE DATA FOR HANFORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE.,
NOIE: SOLAR RADIATION DATA FOR HANFORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE.
F \PROJECTS\2186351\Chmnge Notice INIdp\SS-10 doc
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IR R EZE SRR RS R RS SRR R AR R R R RR ARl l SRR SRRttt Al SR Rt Rl R R
AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006
JaN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
PRECIPITATION
TOTALS 1.01 0.72 0.56 0 55 0.53 0 53
: 0.21 0.16 0.34 0.57 0.89 1.24
SID. DEVIATIONS 0.63 0.48 0 45 0.50 0.34 0.42 ;
0.32 0.24 0.33 0.52 0.63 0.86 :
RUNOE T
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 :
0.000 0.000 0.000 0.000 0.000 0.000
STD. DEVIAIIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS ) 0.450 0.528 1.110 0.631 0.349 0.341
0.238 0.175 0.163 0.314 0.395 0.442
STD. DEVIAIIONS 0.246 0.358 0.556 0.435 0.251 0.302
0.213 0.109 0.069 0 351 0.218 0.158
LATERAL DRAINAGE COLLECTED FROM LAYER 4 :
TOTALS 0.1577? 0.1456 0.1372 0.1380 0.1532 0.1281
0.1458 0.1654 0.1657 0.1775 0.1737 0.1747
STD DEVIATIONS 0.0879 0.0699 0.05%0 0.1022 0.1882 0.1407
0.1298 0,1208 0.1106 0.1095 0.0959 0.0928 :
PERCOLATION/LEAKAGE THROUGH LAYER 5 i
TOTALS 0.0106 0.0099 0.0099 0 0096 0.0100 0.0088 é
0.0098 0.0107 0.0107 0.0114 0.0112 0.0114 ‘
STD. DEVIATIONS 0.0043 0.0035 0.0033 0.0036 0.0052 0.0048
0.0052 0.0051 0.0047 0.0046 0.0039 0.0042
LATERAL DRAINAGE COLLECTED FROM LAYER 6 ;
TOTALS 0.0106 0.0099 0.0099 0.0096 0.0100 0.0088
0.0098 0.0107 0.0l07 0.0114 0.0112 O 0114
STD. DEVIATIONS 0.0043 0.0035 0.0033 0.0036 0.0052 0.0048
0 0052 0 0051 0.0047 0.0046 0.0039 0.0042
F \PROTECTS\21341351\Change Notice 1\Help\SS-10 doc
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PERCOLATION/LEAKAGE THROUGH LAYER 8

TOTALS

STD. DEVIATIONS

AVERAGES OF MONTHLY AVERAGED DAILY HEADS

0.0000
0 0000

AVERAGES

STD. DEVIATIONS

AVERAGES

STD. DEVIATIONS

Ak hkkkkhkhkkhkk bk hhd kb hkhkhhdhkhk bk khhkrhkhhhhdhkhkkddhkhkhkhrbk bk kb rhbhbdrdrdrdhhkkrhkrhbhhhkrhhik

0.0001
0. 0000

0.0000
0.0000

0.0001
0.0001

o

.0000
0.0000

WCH-195

TR e 22 AR 22 R R R X F R RS RSS2SR R 2222 RS s X228 222 s s xR sttt ss s

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

PRECIPITATION
RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED

FROM LAYER 4

INCHES

PERCOLATION/LEAKAGE THROUGH

LAYER 5

AVERAGE HEAD ON TOP

OF LAYER 35

LATERAL DRAINAGE COLLECTED

FAPROJECTS\2186351\Change Notice I\Help\SS-10.doc
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0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0 0000 0.0000

0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000

(INCHES)

0.0000 0.0000 0.0000 0.0000 ;
0.0000 0.0000 0.0000 0.0000 T
0.0000 0.0000 0.0000 0.0000 , .
0.0000 ©0.0000 0.0000 0.0000 :
0.0000 0.0000 0.0000 0.0000

0.0001 0.0001 0.0001 0.0001

0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000

CU. FEET PERCENT

2 032) 79493.5 100.00
0.0000) .00 0.000

1.1901) 55923.12 70.349

1.0434¢) 20282 602 25.51479

0.04155) 1351.973 1.70073 .
0.000)

0.04155) 1351.973 1.70073
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EROM LAYER 6
PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.000 0.0000¢C
LAYER 8
AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 7
CHANGE IN WAIER SIORAGE 0.178 { 1.4978) 1935.80 2 435
hkdkdkhkhkhhkhdkdh bk kb hdhdhkhhkdhdhdbhhkhbhbhhb bbbk hbhddhbddddrdhkhdbdkdrhkddhhrdkdddd bk hddkdern
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WCH-195
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Sheet 8 0f 9

I E XS SR Z RS R R R SRR E R F R SR E R A SR EEREEE SRS R RS RSS2 AR RS RS AR R RS RS RS A SRR R S X 2

PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 4
PERCOLATION/LEAKAGE THROUGH LAYER
AVERAGE HEAD ON TOP OF LAYER 5
MAXIMUM HEAD ON TOP OF LAYER 5

LOCATION OF MAXTMUM HEAD IN LAYER
(DISTANCE FROM DRAIN)

DRAINAGE COLLECTED FROM LAYER 6
PERCOLATION/LEAKAGE THROUGH LAYER
AVFRAGFE HFRAD ON TOP OF LAYER 7
MAXIMUM HEAD ON TOP OF LAYER 7

LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN)

SNOW WATER

MAXIMUM VEG. SOIL WATER {VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.000

0.03978

0.001070

0.000

0.000

0.0 FEEI

0.00107

0.000000

0.000

0.142

0.0 FEET

174

4

213

0.4325

0.0782

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

24.000

0.0000

33.16138

11 64817

11.64817

0.00000

85.3496

& % &

Reference: Maximum Saturated Depth over Landfill Liner

by Bruce M. McEnroe,
ASCE Journal of Environmental Engineering

University o

Vol. 119, No. 2, March 1993, pp.

f Kansas

262-270.

khhdkhhk bk hkddhkhd kb hkhhhkr bk drhhk kb hhkrkrh bk kk bk bk hdkhkrhkdhkddhhdkdkddhdddhd ki
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ok ARk h ok Rk Ak Ak ARk kA k ke k kok A A Ak K ARk kR ok ok h kA k ok kA Kk A ARk d Ak k kA k kb kA Ak kg
FINAL WATER STORAGE AT END OF YEAR 2006
"""""""""""""" LAYER  (INcHES)  (voLvory
1 C 289 0 2008
2 21.8867 0.1824
3 7.7545 0.2154
4 0.0051 0.0102
5 0.0000 0.0000
6 0.0050 0.0100
7 0.0000 0.0000
8 15.3720 " 0.4270
SNOW WATER 0 000
hhkhdxhhkhkhhdkhhhkkrdrhdkdhhdkdkhdddhdddddddddd drd dddddrddd doddoded deodkdodr drdr drododrdrdedkododkeod ek ok b o e
ot Rk k kA k kA ok h ok k ok kb ok ok ko ok ok H A h Rk kA Kk ok kA Rk bk ok k E ko kA
FPROJECTS\218635 I\Change Notice 1\He!p\SS-10 doc
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P e E R s 2R E SRR R SRS R R ZE AR SR 2R R R R R R R R R R R R A2 R X RS R R R RS RS EERERRRRER R RS R RS R R R R R 2R
R R e E R 222222 R 22 R R R R R R E R R R R R R PR S R E RS R RS RZ RS RR RS SRR REE SRR TR EEEEEEE SR T
* %k ¥k
* & * %
* HYDROLOGIC EVALUATION OF LANDEILL PERFORMANCE >k
* % HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *k
* % DEVELOPED BY ENVIRONMENTAL LABORATORY *
*k USAE WATERWAYS EXPERIMENT STATION *ok
*x FOR USEPA RISK REDUCIION ENGINEERING LABORATORY ok
* % * &
* % * X
I E R P R T E R R RER RS E SRR RS RS R RS S R ER S R R R R AR R RSS2SRt R R 222 2R X 2R X222 8RR X2
kkhkhkkhkkhkkhkhkdrhkhkhkhkhhrrhdhdrhkhkdbrhkdrhhhkkhkrrhhhhkrdhkhkhkhkhkhkhkhhkhdhhrrkrkhkhkthhkrkhkkddhkkhdx
PRECIPITATION DATA EILE: C:\HELP3\HANFORD\CN1\PREC31.D4
TEMPERATURE DAIA FILE: C:\HELP3\HANFORD\CN1\TEMP31.D7
SOLAR RADIATICON DATA FILE: C:\HELP3\HANFORD\CN1\RAD31.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\HANFORD\CN1\HANFORD2.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\HANFORD\CN1\1S5ELR-35.D10
OUTPUT DATA FILE: C:\HELP3\HANFORD\CN1\15FLR-35.00UT
TIME: 14:31 DATE:  9/28/2007
hhkhhkhkhkrhkhkhkhkrddhddhkhdrrrhkrhhhkrdhdrhddhkhkhkdhkdhkdkdrrhkxkkkdrhhkrhhkdrhrrdrhkrdd bk hddddrhdx
TITLE: HF FLR: 1.5%,50',12"GRAVE@0.05 CM/S,GOOD FML,3'OPS, 35'"WASTE
khkkhkkwhkkhkrrdrhkkrdkdkhkkhhkhkrddhhrthrrhkrrhkkhrhrrhrhkhrhkrhhhhbhkrhhhkhkhkhhhhdddddhkhhihdkkdhdhkdhdk
NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.
LAYER 1
TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 6

THICKNESS = 12.00  INCHES

POROSITY = 0.4530 VOL/VOL

FIELD CAPACITY = 0.1900 VOL/VOL

WILTING POINT = 0.0850 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.3361 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.720000011000E-03 CM/SEC
F\PROJECT5\2186\15 1\Change Notice 1\Help\} SFLR-3S doc
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LAYER 2

TYPE 1 - VERIICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 5
THICKNESS = 420.00 INCHES
POROSITY = 0.4570 VOL/VOL
EIELD CAPACITY 0 1310 vOL/VOL
WILTING POINT 0.0580 VOL/VOL
INITIAL SOIL WATER CONTENT 0.1304 VOL/VOL

EFEEECTIVE SAT. HYD. COND. = 0.100000005000E-02
LAYER 3
TYPE 1 - VERTICAL PERCOLATION 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 WATER CONTENT = 0.1900 VOL/VOL
EFFECIIVE SAT. HYD. COND. = (0.720000011000E-03
LAYER 4
TYPE 2 - LAIERAL DRAINAGE LAYER
MAIERIAL TEXTURE NUMBER O
THICKNESS = . 12 00 INCHES
POROSITY = 0.3970 VOL/VOL
FIELD CAPACTTY = 0.0320 voL/vOT,
WILTING Pi r = 0.0130 VOL/ .
INITIAL SOIL W _ t CONTENT = 0.0320 VOL/VOL
EFFECTIVE SAT. HYD. COWD. = 0.500000007000E-01
SLOPE = 1.50 PERCENT
DRAINAGE LENGIH = 50.0 EEET
LAYER 5
TYPE 4 — FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.06  INCHES
POROSITY = 0.0000 VOL/VOL
EIELD CAPACITY = 0.0000 voL/vVOL
WILTING POINT = 0.0000 VOL/VOL

F\PROJECTS 218635 1\Chanpe Nolice 1\Help\l SFLR-35 doc
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INITIAL SOIL WATER CONIENI = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD COND. = (.199999996000E-12 CM/SEC
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 4.00 HOLES/ACRE
EML PLACEMENT QUALITY = 3 - GOOD
LAYER 6
TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER O
THICKNESS = 12.00 INCHES
POROSITY = 0.3970 VOL/VOL
FIELD CAPACITY . = 0 0320 VOL/VOL
WILTING POINT = 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENI = 0.0320 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.500000007000E-01 CM/SEC
SLOPE = 1.50 PERCENT
DRAINAGE LENGTH = 400.0 FEET
LAYER 7
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
IHICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0 0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WAIER CONIENT = 0.0000 VOL/VOL
EFFECIIVE SAT. HYD. COND, = 0.199999336000E-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 INCHES
POROSITY = 0 4270 VOL/VOL
FIELD CAPACITY = 0 4180 VOL/VOL
WILTING POINT = 0.3670 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000001000E-06 CM/SEC
Page 75 of 345
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GENERAL DESIGN AND EVAPORATIVE

NOTE: SCS RUNOFF CURVE NUMBER WAS USER~S

SCS RUNOFF CURVE NUMBER =
FRACIION OF AREA ALLOWING RUNOEFE
AREA PROJECTED ON HORIZONTAL PLAKNE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE SIORAGE
LOWER LIMIT OF EVAPORAYIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSUREACE INFLOW =

"

il

1

I

I

i

ZONE DATA

PECIFIED.

89.50

WCH-195
Rev. 0

Sheet 4 of 9

0.0 PERCENT
2.750 ACRES
16.0 INCHES
4.284 INCHES
7.264 INCHES
1.252 INCHES
0.189 INCHES
81.766 INCHES
81.955 INCHES

0.00  INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOIRANSPIRATION DATA WAS OBTAIN

HANFORD WASHINGTON

STATION LATITUDE

MAXTMIJM LEAF AREA INDEX

STA OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON ({JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 18T QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARIER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 41H QUARTER RELATIVE HUMIDITY

WAS ENTERED FROM AN ASCII DATA E

NOTE: TEMPERATURE DATA FOR HANEORD

WAS ENTERED FROM AN ASCII DATA F

WAS ENTERED FROM AN ASCII DATA F
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ED FROM

= 46.55
0.00

103

288
16.0
7.60
= 68.20
43.30
37.10
70 10

i

ff

]

fl

NOTE: PRECIPITATION DATA EOR HANEORD

ILE.

ILE.

NOTE: SOLAR RADIATION DATA FOR HANFORD

ILE.

DEGREES

INCHES
MPH
%

%
%
%
WASHINGTON
WASHINGTON

WASHINGTON
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************x****t*****************;******************i***i*****t**************
AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2008
JAN/JUL FEB/AUG MAR/SEP APR/OCI WMAY/NOV JUN/DEC
PRECIPITATION
TOTALS 1.01 0.72 0.56 0.55 0.53 0.53
0.21 0.16 0.34 0.57 0.89 1.24
STD. DEVIATIONS 0 63 0.48 0.45 0.50 0.34 0 42
0.32 0.24 0 33 0.52 0.63 0 B6
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0 000 0.000 0.000 0.000
SID. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.484 0.603 1.210 0.684 0.463 0.539
0 361 0.241 0.204 0.357 0 442 0.525
STD. DEVIATIONS 0.336 0.489 0.601 0.393 0.300 0.399
0.299 0.186 0.101 0 397 0.328 0.238
LAIERAL DRAINAGE COLLECTED FROM LAYER 4
TOTALS 0.0362 0.0315 0.0371 0.0388 0.0442 0.0447
0.0357 0.0326 0.0280 0.0304 0.0319 0.0355
SID. DEVIATIONS 0.0446 0.0391 0.0430 0.0417 0.0464 0.0449
0.0433 0.0413 0.0392 0.0387 0.0380 0.0419
PERCOLATION/LEAKAGE THROUGH LAYER 5
TOTALS 0.0128 0.0113 0.0133 0.0138 0.0154 0.0154
0.0138 0.0116¢ 0.0101 0.0111 0.0116 0.0128
STD. DEVIATIONS 0.0133 0.0116 0.0128 0.0124 0.0138 0.0136
0.0134 0.0127 0.0121 0.0120 0.0119 0.0127
LATERAL DRAINAGE COLLECTED FROM LAYER 6
TOTALS 0.0123 0.0113 0.0127 0.0130 0 0143. 0 0147
0.0149 0.0135 0.0114 0.0112 0.0111 0.0120
STD. DEVIATIONS 0.0126 0.0116 0.0127 0.0123 0.0129 0.0130
0.0132 0.0127 0.0120 0.0122 0.0115 0.0121
PERCOLATION/LEAKAGE THROUGH LAYER 8
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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 O 0000 0.0000
0.0000 ©0.0000 O 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 0.0355 0.0340 0.0347 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
P R R R R R R R S  E S22 2222 2R 22 2222 R R R SRR R RS R 2 R S R R RS SRR Z S SR RS2 AR REIRLREERREE R RS S R R RS 2
S hkkhkhkAhkhkAhkddhhkhhkhhkhkhhhk bk hhkdkhkhk b hdhkdkhk kb hkhkhkhkhkhkhkdhhdhkhhhhhrhkdhkhkhkrhkhkhhkhhkix
AVERAGE ANNUAL TOTALS & (STD. DEVIAIIONS) FOR YEARS 1955 THROUGH 2006
INCHES CU. FEETI PERCENT
PRECIPITATION 7.30 {  2.032) 72869.0 100.00
RUNOFE : 0.000 { 0.0000) 0.00 0.000
EVAPOTRANSPTRATION 6.114 [ 1.5253) 61037.11 83 763
LATERAL DRAINAGE COLLECIED 0.43062 ({ 0.47101) 4298.646 5.89914
FROM LAYER 4
PERCOLATION/LEAKAGE THROUGH 0.15281 ( 0.14344) 1525 .446 2.09341
LAYER 5
AVERAGE HEAD ON TOP 0.014 { 0.015)
OF LAYER 5
LATERAL DRAINAGE COLLECTED 0.15238 ( €.14399) 1521 .145 2 08750
FROM LAYER 6
PERCOLATION/LEAKAGE THROUGH 0.00005 ( 0.00004) 0.525 0.00072
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LAYER 8
AVERAGE HEAD ON TOP 0.039 { 0.037)

OF LAYER 7
CHANGE IN WATER STORAGE 0 602 ( 1.4559) 6011 .60 8.250
RS E RS R RS SRR R R AR SRS R AR R R R R R R ERERE R R R 22 R R R R R R R R SRR ETEEEEE LR L EEE TR R R
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IEEE RS REEE RS SRSS RS ER sl R SRRttt 2 Rl Rl X R R R S

PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006

{INCHES) (CU. ET.)

PRECTPTTAIION 160 15872.000
RUNOQF F 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 4 0.00587 58.60678
PERCOLATION/LEAKAGE THROUGH LAYER § 0.001638 16. 35556
AVERAGE HEAD ON TOP OF LAYER 5§ 0.069
MAXIMUM HEAD ON TOP OF LAYER 5 0.131
LOCATION OF MAXIMUM HEAD IN LAYER 4

(DISIANCE FROM DRAIN) 2.5 FEET
DRAINAGE COLLECTED FROM LAYER 6 0.00159 15.87103
PERCOLATION/LEAKAGE THROUGH LAYER 8 0.000000 0.00493
AVRRAGF. HEAD ON TOP OF LAYER 7 0.150
MAXIMUM HEAD ON TOP OF LAYER 7 0.294
LOCATION OF MAXIMUM HEAD IN LAYER 6

(DISTANCE EROM DRAIN) 7.5 FEET
SNOW WATER 1.96 19603.2383
MAXIMUM VEG SOIL WATER {VOL/VOL) 0.4540
MINIMUM i. SOIL WATER (VOL/VOL) 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. 118, No. 2, March 1993, pp. 262-270.

Ak F kA hkkdrhk ok hhdhdkkr ok hrd kb hhkd kb kdrr bk r kA hhdhrdhk okt kh bk rrkdehbhhkdhhkhkhhdrhrhk
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FINAL WATER STORAGE AT END OF YEAR 2006

8

SNOW WATER

15

0.

.1858
.3881
0000
13559

.0000

3720

000

0.0000

0.0330

0.0000

0.4270

kAW h kb khkkkhkxhkhkhhkhkhhkhkhhkhdrhkhbhbhhkhbhhhdhhthhhwhhkbhhkdhhhhkrhbrrhrhbhdrdrdhrrrdbhikhdrxs

LS T R S A S T RS S R R R R RS Z X R EE R AR SRR AR RARE R RS R R RS SSSE SRS R SRR RS R R S
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(222 SR X RSS2SR R RS RsERR RS R s X RS FE AR R R R SRS FES SRR R E XS BT

hhhkdkhkwhhkkdkhkddkdh ko kb kb bk hkkkhkkkhkkhhrh kb kb hhrddrh bk hkdhkhhdhkhhkdddkddkdkdkk bk dkkkw

*
& de
*
% &
* &
*
*
% 4
* ok

* &
* %

HYDROLOGIC EVALUATION OF LANDEFILL PERFORMANCE *x
HELP MODEL VERSION 3.07 ({1 NOVEMBER 1897) il
DEVELOPED BY ENVIRONMENTAL LABORATORY hldd

USAE WATERWAYS EXPERIMENT STATION ld

FOR USEPA RISK REDUCIION ENGINEERING LABORATORY **

e

khddkkhdrokkkk ok kkkh kb ko dhok ko ke ok ko hh kb whhkkk kb dkkrr bk hkkkrdh ok hdh

*hkhkhhkhkhkdkrkhkkrhhhkhdhhhdhhrhrhrkdhkhkdkhhhkhhkrhhhkh bk kk e khkrhkkkkrhkkhkhhhkrr bk kkdtxn

PRECIPIIATION DATA FILE: C:\HELP3\HANFORD\CN1\PREC31.D4

TEMPERATURE DATA FILE: C:\HELP3\HANFORD\CN1\TEMP31 .D7
SOLAR RADIATION DATA FILE: C:\HELP3\HANFORD\CN1\RAD31.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\HANFORD\CN1\HANFORDZ.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\HANFORD\CNI\3FLR-35.D10
OUTPUT DATA FILE: C:\HELP3\HANFORD\CN1\3FLR-35.0UT
TIME:

14:32 DATE: 9/28/2007

dkhhkkkhh ok ko k kb khkrhd bkt h bk ko xrkhhhk kb h bk kkkkkk kA hrkhohh b & ke

HE¥ FLR: 3%,50',12"GRAVE0.05 CM/S,GOOD EML,3'OPS,35' WASTE

hhhhhkhhkhkhkhkkhk kT hkh bk hhrdhhkh ok hhhhrkhhhdkhdkddkokddordddddkdkdddd kg kd ko ok bk

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

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 3

THICKNESS = 12.00 INCHES
POROSITY = 0.4530 VOL/VOL
FIELD CAPACITY = 0.1500 VOL/VOL

WILTING POINT = 0.0850 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3361 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.720000011000E-03 CM/SEC
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~ VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 5

IHICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT =

420.00 INCHES
0.4570 vOoL/vVOL
0.1310 VOL/VOL
0.0580 VOL/VOL
0.1304 VOL/VOL

EFFECTIVE SAT. HYD COND. = 0.100000005000E-02 CM/SEC
LAYER 3
TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 6
THICKNESS = 36.00 INCHES
POROSIIY . = 0.4530 VOL/VOL
FIELD CAPACITY = 0.1900 VOL/VOL
WILIING POINT = 0.0850 VOL/VOL
INITIAL SOIL WAIER CONTENT = 0.1900 VOL/VOL
EEFECTIVE SAT. HYD. COND -~ 0.720000011000E~03 CM/SEC
LAYER 14
‘TYPE 2 - LAIERAL 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 CONTENI = 0.0320 VOL/VOL
EFFECTIVE SAT. HYD, COND. = 0.5n0NQ0007000E~01 CM/SEC
SLOPE = 00 PERCENT
DRAINAGE LENGTH = 50.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTORE NUMBER 35
THICKNESS = 0.06 INCHES
POROSITY . = 0.0000 voL/VOL

FIELD CAPACITY =
WILTING POINT =

FAPROJECTS\2186351\Change Notice |\RepUFLR-35 doc
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INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSIIY

FML INSTALLATION DEFECIS
FML PLACEMENI QUALITY =

]

LAYER

WCH-195
Rev. 0

Sheet 3 of 9

0.0000 VOL/VOL

0 195999996000E-12 CM/SEC
1.00 HOLES/ACRE
4.00 HOLES/ACRE

3 - GOOD

6

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS =
FPOROSITY

FIELD CAPACITY

WILTING POINI

INITIARL 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
3.00 PERCENT
200 0O FEET

CM/SEC

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS =

POROSITY ' =

FIELD CAPACITY

WILTING POINI

INITIAL SOIL WATER CONTENT

EFFECTIVE SAT. HYD COND.

EMT. PINHOLE DENSITVY
INSTALLATION EC

EML PLACEMENT QUALIIY =

I

1]

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 HOLF</ACRE
4.00 HOL. ACRE
3 - GOOD

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

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

F:APROJECTS\2186\351\Change Notice 1\HIp\3FLR-35 doc
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0.4270 VOL/VOL
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GENERAL DESIGN AND EVAPORAIIVE ZONE DATA

NOTE: SCS RUNOFE CURVE NUMBER WAS USER-SPECIEFIED.

SCS5 RUNOFF CURVE NUMBER = 8
FRACTION OF AREA ALLOWING RUNOEFF
AREA PROJECIED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH = 1
INITIAL WATER IN EVAPORATIIVE ZONE
UPPER LIMIT OF EVAPORATIVE ST1ORAGE
LOWER LIMIT OF EVAPORAIIVE STORAGE
INITIAL SNOW WAIER =
INITIAL WATER IN LAYER MATERIALS
- TOTAL INITIAL WATER =
TOTAL SUBSURFACE INELOW =

9.50

0.0 PERCENI
2.620 ACRES
6.0 INCHES
4.284 INCHES
7,264 INCHES
1
4]
1
1
0.

I

]

]

.252 INCHES
.189 INCHES
.766 INCHES
.955 INCHES
00 INCHES/YEAR

8
8

EVAPOIRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS ODIAINED IROM
HANEORD WASHINGTON

STATION LATITUDE 46.55 DEGREES

MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DAIE) = 103
END OF GROWING SEASON (JULIAN DATE} = 288
EVAPORATIVE ZONE DEPTH = 16.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 68.20 %
AVERAGE 2ND QUARIER RELATIVE HUMIDI1Y = 43.30 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 37.10 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.10 %
NOTE: PRECIPITATION DATA EOR HANFORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE.
NOTE: TEMPERATURE DATA FOR HANFORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE.
NOTE: SOLAR RADIATION DATA FOR HANFORD WASHINGTON

WAS ENTERED FROM AN ASCII DATA FILE
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IR R E R R R R R R R E SRR RS R SRR RS SRR R 22 R R R s R R R R E R ER R R R R RS R R RS IR ETR SRR ELES LR R R L R R
AVERAGE MONIHLY VALUES IN INCHES FOR YEARS 1955 IHROUGH 200§
JAN/JUL FEB/AUG MAR/SEP APR/OCT ™MAY/NOV JUN/DEC
PRECIPITATION
TOTALS 1.01 0.72 0.56 0.55 0.53 0.53
0.21 0.16 0.34 0 57 0.89 1.24
STD. DEVIATIONS G.63 0.48 0 45 0.50 0.34 0.42
. 0.32 0.24 0.33 | 0.52 0.63 0.86
RUNOFF
TOTALS 0.000 0.000 0 000 0.000 0 000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 -0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0,000
EVAPOTRANSPIRATION
TOTALS 0.484 0.603 1.210 0.684 0.463 0.539
0.361 0.241 0.204 0 357 0 .442 0.525
STD. DEVIATIONS 0.336 0.489 0.601 0.393 0 300 0.399
0.298 0.186 0.101 0.397 0.328 0.238
{ LATERAL DRAINAGE COLLECIED IROM LAYER 4
I e —————————
‘ TOTALS 0.0407 0.0354 0.0420 0.0438 0.0499 0.0500
0.0442 0.0363 0.031¢ 0.0343 0.0361 0.0402
STD. DEVIATIONS 0.0495 0.0432 0.0477 0.0462 0.0515 0.0497
0.0481 0.0457 0.0434 0.0429 0.0424 0.0466
PERCOLATION/LEAKAGE THRQUGH LAYER 5
TOTALS 0.0083 0.0073 0.0086 0.0080 0.0100 0.0098
0.0088 0.0074 0.0066 0.0072 0.0075 0.0083
STD DEVIATIONS 0.0085% 0.0074 0.0082 0.0079 0.0088 0.0086
0.0086 0.0081 0.0078 0.0077 0.0076 0.0081
LATERAL DRAINAGE COLLECTED FROM LAYER 6
TOTALS 0.0083 0.0074 0.0084 0.0088 0.0098 0.0098
0.0092 0.0078 0.0066 0.0071 0.0074 0.0082
STD. DEVIATIONS 0 0084 0.0075 0.0081 0.0079 0.0086 0.0086
0.0085 0 0083 0.0078 0.0078 0.0075 0.0081
PERCOLATION/LEAKAGE THROUGH LAYER 8
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Page 86 of 345

Design Analysis Variance Report ERDF Cells 7-10
October 2007 A-66




WCH-195
Rev. 0

Sheet 6 of 9

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0 0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0 0000 0.0000 0.0000 0.0000 0.0000 0.0000

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 0.0080 0.0091 0.0098 0.0097

0.0091 0 0087 0.0085 0.0081 0.0083 0.0088

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 DEVIATIIONS 0.0064 0.0063 0.0062 0.0062 0.0065 0.0068
0.0065 0.0063 0.0061 0.0055 0.0059 0.0061

khkhhdkhkhkhhhdkhhhhkdhkhhkk hkhkdhhdhhhhkhkhkxhhdkdhkrrkrhhhhhkrhhkhrhkdhbhkhhhkhrhhkhbdrhhkhbrhkhkhkhrdkhhhd

khkkhkhkkkkhkkhhkhhhkk kb hhkkhkdhhkhkhdkkhkhkhhk bk hkhkhhhkhkhhkkhhhrhdhhhhhkhhkhkhhkhhhkkkdkxkx

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

INCHES CU. EEET PERCENT
PRECIPITATION 7.30 ( 2.032) 69424.3. 100 .00
RUNOF E 0.000 { 0.0000) 0.00 0.000
EVAPOTRANSPIRATION 6.114 { 1.5253) 58151.72 83.763
LATERAL DRAINAGE COLLECTED 0.48456 ( 0.52209) 4608 .444 6.63808
FROM LAYER 4
PERCOLATION/LEAKAGE THROUGH 0.09893 ( 0.051686) 940.855 1.35522
LAYER 5
AVERAGE HEAD ON TOP 0.008 ( 0.008)
OF LAYER 5
LATERAL DRAINAGE COLLECTED 0 09885 ( 0.09189) 940.084 1.35411
FROM LAYER 6
PERCOLATION/LEAKAGE THROUGH 0.00001 { 0.00001) 0.114 0.00016
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LAYER 8
AVERAGE HEAD ON ICP 0.006 ( 0 006)

OF LAYER 7
CHANGE IN WATER STORAGE 0.602 { 1.4563) 5723 .95 8.245
FhhkkhrhAdrhhr kb rhh kb rkbkdhk ok hhd vk h kb bk drhk ko hrdddd dhddrdror oo gk dr gk bk ook
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**************i*****ﬁi*********i*******ii*****i********************i**********

PEAK DAILY VALUES EOR YEARS 1955 IHROUGH 2006

{INCHES) {CU [1.)
PRECIPITATION 10 15216.960
RUNOEE ‘ 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 4 £.00650 61.79332
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.001045 9.93560
AVERAGE HEAD ON TOP OF LAYER 5 0.038
MAXIMUM HEAD ON TOP OF LAYER 5 0.075
LOCATION OF MAXIMUM HEAD IN LAYER 4
(DISTANCE FROM DRAIN) 0.9 FEET
DRAINAGE COLLECTED FROM LAYER 6 0 00103 9.83923
PERCOLATION/LEAKAGE THROUGH LAYER B 0.000000 0.00095
AVERAGE HEAD ON TOP OF LAYER 7 0 021
MAXIMUM HEAD ON TOP OF LAYER 7 0.048
LOCATION OF MAXIMUM HEAD IN LAYER 6
(DISTANCE FROM DRAIN) 3.7 EEET
SNOW WATER . 1.9¢6 - 18676.5391
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4540
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0783
***% Maximum heads are computed using McEnroe's equations., ***

Reference: Maximum Saturated Depth over Landfill Linex
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 118, No 2, March 1993, pp. 262-270.

P A AR 222222 R 22222 R R R R AR R A2 RS RSS2SR 2SS R RS2SRRSR
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P R A2 2222222822222 222222222222 2 Rt 2208 2222 22222222ttt l )

FINAT. WATER STORAGE AT END OF YEAR 2006

LAYER (INCHES) (VOL/VOL)

1 32511 “0.2709
2 74 0310 0.1763
3 7.1858 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

hkhddekhkhkhkhhdhdhkdhhkhkhrhhdbrhhdkhdhhkkdhhkbhhkddrhrkdrwdkhdhdhdwdddhddbkdkdhrdkkhddhddd

Tk hkkkhhhdkhkhhhh bk drkhrhkkkhkhkhdkrhhkrhkhkhhhhkdrdkkdhhdhhhkhkhdrhkdh kb wdhdddddddhdi
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Thkkhhhhhkkdkhhkhkhkhkhkhkhhkrdkhrhhkhkhhhohrhkhhdrhhhhhhhhdkdhkhhrrrhdhkdhhkdrhdkkddkddkddhhkdhdkdhddk

*******i****************jﬁ********‘********i***i***i****************************

* 4 L& 4

L2 g L3

bl HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
*x HELP MODEL VERSION 3.07 ({1 NOVEMBER 1997) >k
*x DEVELOPED BY ENVIRONMENTAL. LABORATORY *x
* ok USAE WATERWAYS EXPERIMENT STAIION *x
il FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x

* & * %k

* * * ¥
Khhdhhhkhhhkrhkhhkdkrhkhhkhhkddhrhkhkhhkhhkhhhkhhkk bk rhkhhkhhhhkhbhkrrdrrhkhkrdhkhkddkhkhdhhhdhhhddh

Fhkhhkhkxhkdhhhhrhdhhdrhhhkrharhhrhkhhkhkhkhkhhkhhhhkhhkhdhkhkhdhhrhhdhhhhhhhkhhhkrhkhkdrhhhddkdkhd

PRECIPITATION DATA FILE: C:\HELP3\HANFORD\CN1\PREC31 .D4
TEMPERATURE DAIA FILE: C:\HELP3\HANFORD\CNI\TEMP31.D7
SOLAR RADIATION DATA FILE: C:\HELP3\HANFORD\CN1\RAD31.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\HANFORD\CNI\HANFORD2 D11
SOIL AND DESIGN DATA FILE: C:\HELP3\HANFORD\CN1\S55-35.D10 -
OUTPUT DATA FILE: C:\HELP3\HANFORD\CN1\85-35.0UT

TIME: 14:33 DATE: 9/28/2007

Xkhkddh ok hkdh kb kb ko krh b bk bk ok ok kkkkkxhkkhkkhkhhkhhdhhkhkdhhh ok a v rkrkkkkdkkhkhhkdk

TITLE: HANFORD SIDESLOPE-33%,255',GEOCOMP,3' OPS,GOOD FML, 35'WASTE

dhkddrkdrhdkhrhrhk kb hkhkhhhhhh ko hdh bk rrhb bk hkh bbbk dhdhhbddrdrhddhddkdddkdhhkhdhhddddkddd

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

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 6
THICKNESS = 12 .00 INCHES
POROSITY = 0.4530 VOL/VOL 3
FIELD CAPACITY 0.1900 VOL/VOL
WILTING POINI 0.0850 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3160 VOL/VOL
EFFECTIVE SAT. HYD. COND 0.720000011000E-03 CM/SEC

il
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TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 5

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINIT

INITIAL SOIL WATER CONTENT
EEEECTIVE SAT, HYD. COND.

I

420.00 INCHES
0.4570 VOL/VOL
0.1310 VOL/VOL
0.0580 VOL/VOL
0.1321 VOL/VOL
0 100000005000E-02 CM/SEC

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER
MAIERIAL TEXTURE NUMBER 6

THICKNESS
POROSITY

FIELD CAPACIIY .

WILTING POINT

INITIAL SOIL WATER CONTENI
EFEECTIVE SAT. HYD COND.

36.00 INCHES

0.4530 VOL/VOL

0.1500 VOL/VOL

0.0850 VOL/VOL

0.1900 VOL/VOL
0.720000011000E-03 CM/SEC

LAYER 4

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 34

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINI

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

DRAINAGE LENGTH

0.50 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0100 VOL/VOL
33.0000000000
33.00 PERCENT
255.0 FEET

CM/SEC

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS
POROSITY .
FIELD CAPACITY
WILTING POINT

FAPROIECTS\2136\351\Change Notice 1Wdlp\SS-33 dot
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0.06 INCHES
0.0000 VOL/VOL
0.0000 VvOL/VOL
0.0000 VOL/VOL
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INITIAL SOIL WATER CONTENT
EFEFECTIVE SAT. HYD. COND. =
EML PINHOLE DENSITY

EML INSTALLATION DEFECTS
FML PLACEMENT QUALIIY
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0.0000 VOL/VOL
0.199999996000E-12 CM/SEC

1.00 HOLES/ACRE
4 00 HOLES/ACRE
3 - GOOD

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
EFFECIIVE SAT. HYD. 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 = 0 06 INCHES
POROSITY 0.0000 VOL/VOL
FIELD CAPACIIY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.199999986000E~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 T1EXTURE NUMBER 16
N THICKNESS = 36.00 INCHES

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

EFFECTIVE SAT HYD, COND.

F \PROTECTS\2186\351\Change Notice 1WHelpSS-35 doc
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA
NOTE: SCS RUNOFE CURVE NUMBER WAS COMPUTED EROM 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 RUNOFE CURVE NUMBER = B6.80
FRACTION OF AREA ALLOWING RUNOEE = 0.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 3.000 ACRES
EVAPORATIVE ZONE DEPTH 16.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 4.042 INCHES
UPPER LIMIT OF EVAPORAIIVE STORAGE = 7. 264 TINCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1 252 INCHES
INITIAL SNOW WATER = 0 189 TNCHES
INITIAL WATER IN LAYER MATERIALS = 81.514 INCHES
TOIAL INIIIAL WAIER = 81.703 INCHES
IOIAL SUBSUREACE INFLOW 0.00  INCHES/YEAR
EVAPOTRANSPIRATION AND WEATHER DATA
NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
HANFORD WASHINGTON
STATION LATIIUDE = 46.55 DEGREES
MAXIMUM LEAF AREA INDEX =  0.00
START OF GROWING SEASON (JULIAN DAIE) = 103
END OF GROWING SEASON (JULIAN DATE) = 288
EVAPORATIVE ZONE DEPTH = 16.0 INCHES
AVERAGE ANNTU WIND ED = 7.60 1
AVERAZR 1ST QUARIER R&LATIVE HUMIDITY = 68.20 %
AVERi  2ND QUARTER RELATIVE HUMIDITY = 43.30 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 37.10 %
AVERAGE 4TH QUARTER RELATIVE HUMIDIIY = 70.10 %
NOTE: PRECIPITATION DATA FOR EANFORD WASHINGION
WAS ENTERED FROM AN.ASCII DATA FILE.
NOTE: TEMPERATURE DATA FOR HANFORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE.
NOTE: SOLAR RADIATION DATA FOR HANFORD WASHINGTON
WAS ENTERED FROM AN ASCII DATA FILE.
F\PROJECTS\21 8505 \Changs Nolice 1\Help\SS-35 doc
Page 94 of 345
Design Analysis Variance Report ERDF Cells 7-10
October 2007 » A-74



WCH-195

Rev. 0
Sheet 5 of 9
*****ii—**i*i****i**********i**i—i—i—*i-*******i********i**i****ti*******t**ii*i**i}i
AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1955 THROUGH 2006
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
PRECIPITATION
TOTALS 1.01 0.72 0.56 0.55 0.53 0.53
0.21 0.16 0. 34 0.57 0.89 1 24
STD. DEVIATIONS 0.63 0 48 0 45 0 50 0.34 0.42
0.32 0.24 0.33 0 52 0.63 0.86
RUNOFE
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0 000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0 000 0.000
EVAPOTRANSPIRATION
TOTALS 0.450 0 528 1.110 0 631 0.349 0.341
0.238 0.175 0.163 0.314 0.395 0.442
STD. DEVIATIONS 0.246 0.358 0.556 0.435 0.251 0.302
0.213 0.109 0.069 0.351 0.218 0.158
LAIERAL DRAINAGE COLLECTED FROM LAYER 4
TOTALS 0.1193 0.1167 0.1263 0.1108 0.1155 0.1038
0.1071 0.0985 0.0907 0.0967 0 1097 0.1209
STD. DEVIATIONS 0.1048 0.0890 0 0885 0.0832 0.0868 0.0825
0.0847 0.0936 0.0980 0.0984 0.0963 0.1087
PERCOLATION/LEAKAGE THROUGH LAYER §
TOTALS 0.0083 0.0081 0.0090 0.0083 0.0085 0.0078
0.0081 0.0077 0.0068 0.0074 0.0080 0.0085
STD, DEVIATIONS 0.0055 0.0050 0.0052 0.0047 0.0050 0.0048
0.0049 0.0049 0.0053 0.0050 0.0050 0.0054
LATERAL DRAINAGE COLLECTED FROM LAYER 6
TOTALS 0.0083 0.0081 0 0090 0.0083 0.0085 0.0078
0.0081 0.0077 0.0068 0.0074 0.0080 0.0085
STD. DEVIATIONS 0.0055 0.005C 0.0052 0.0047 0.0050 0.0049
0.0049 0.0049 0.0053 0.0050 0.0050 0.0054
F.\PROJECTS\2146\35 1\Change Notice 1\Help\S5-35 doc
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PERCOLAIICN/LEAKAGE THROUGH LAYER 8

TOTALS 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

WCH-195
Rev. 0

Sheet 6 of 9

.0000
.0000

[N el

0.0000
0.0000

AVERAGES OF MONIHLY AVERAGED DAILY HEADS

AVERAGES 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
DAILY AVERAGE HEAD ON TOP OF LAYER 7
AVERAGES 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
0.0000 0.0000
{ INCHES)
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000  0.0000
0 0000 O 0000
0.0000 0.0000
0.0000 0.0000

o

- 0.0000
0.0000

(o]

.0000
0.0000

0.0000
0.0000

0.0000
0.0000

dhhkhkdkhkhrhkdkrhkhkhkhhkhhhkdkhkdhhdkrddhdbhhhddhhdk bk kb hhkxk kb khkhhhkkhdkhkhhdhhdhbdkhhd khkkhxh

Thdkhxhhhk kb hhkhkhkhkh kT hkhhhhdhhhkhkhkhhhhhchdhk kA hhkhhk hh b hhhk bk rhkhkhkhkhkhkh Ak hkhkhkhhhkhkhk bk hh*

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR

RS 1955 THROUGH

2006

INCHES
PRECIPITATION 7.30 { 2.032)
RUNOEE 0.00Q { 0.0000)
EVAPOTRANSPIRATION 5.135 { 1.1901)
LATERAL DRAINAGE COLLECTED 1.315%4 ( 0.99454)
FROM LAYER 4
PERCOLATION/LEAKAGE THROUGH 0.09641 ( 0.05608)
LAYER 5
AVERAGE HEAD ON TOP 0.000 ¢ 0.000)
OF LAYER 5
LATERAL DRAINAGE COLLECTED 0.09641 ( 0.05608)
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79493 5
0.00
55923.12

14330.568

1049 882

1049.881

18.02735

1.32071

1.32071
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FROM LAYER &6
PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.000 0.00000
LAYER 8
AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 7
CHANGE IN WATER STORAGE 0.752 { 1.8036) 8189.92 10.3C3

2 EZE SRR RS RS AR S AR R R R R RS R R R R RS R N T e A R R R R R R RS A R EE R AR ]
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PEAK DAILY VALUES FOR YEARS 1955 THROUGH 2006

{INCHES) {CU. FI )

PRECIPITATION . __{TEB"—_" "I§Z§Zf585'—
RUNOFF 0.000 0.0000
DRAINAGE COLLECIED [ROM LAYER 4 0 01871 203 77544
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000790 8.59934
AVERAGE HEAD ON TOP OF LAYER 5 0.000
MAXIMUM HEAD ON TOP OF LAYER 5 0.093
LOCATION OF MAXIMUM HEAD IN LAYER 4

(DISTANCE FROM DRAIN) 0.0 FEET
DRAINAGE COLLECTED FROM LAYER 6 0.00079 8 59934
PERCOLATION/LEAKAGE THROUGH LAYER 8 0.000000 0.00000
AVERAGE HEAD ON TOF OF LAYER 7 0.000
MAXIMUM HEAD ON TOP OF LAYER 7 0.122
LOCATION OF MAXIMUM HEAD IN LAYER 6

{DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 1.96 21385.3496
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4325
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0782

**%  Maximum heads are computed using McEnroe's eguations. ***

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

P R 2 A 222 SRR 2R R R SR R R R RS R R R R R R E S RS R R RS RSS2SR 2R R AR AR RS X R R R &)
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khkkkhkkkhkrhhhhkhhhkdhdhhhhrhkhdhrhhhbhbhkdhkddhh kbbb rhhbbhbhhbhhkhbhhbhkhrhdhbhdkhddrhkhhkhhdhddkdhdar

FINAL WATER STORAGE AT END OF YEAR 2006

8

SNOW WATER

0

15.

0.

0051

.0000

.0050

0000

3720

.000

0.

0

0.

0.

.2156

.0101

0000

.0100

0000

.4270

I E S RT RSS2SR S Ss S Es st S 2220222202 st iS22 st st s X

P SRR R R R SRR SRS R RS EE RS Z RS SRR SR SRS SR SRR RE RS R R LRSI E LS RES R SR E R L XS

FAPROJECT$\2186\351\Change Notice I\HcIp\SS-35 doc

Design Analysis Variance Report ERDF Cells 7-10

October 2007

Page 99 of 345

A-79



WCH-195
Rev. 0

Design Analysis Variance Report ERDF Cells 7-10
October 2007 A-80



WCH-195
Rev. 0

APPENDIX B

LEACHATE TANK CAPACITY CALCULATION - 0060-SC-T-002

Desian Analysis Varianve ~eport ERur veus 1-1v
Octol 2007 B-i




WCH-195
Rev. 0

'L)eS/gn Analysis Variance Report ERDF Cells 7-10
October 2007






WCH-195

Rev. 0
Sheet 1 of 1
File No. _2186-351-11
Weaver Boos Consultants, LLC Calculation No._0060-SC-T-002
Made By __ SN Date _ 07/09/07 Subject Leachate Storage Tank Calculation
Chkd By —- Date __07/09/07 _ {anford ERDF
Objective: 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.
Methods: 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 (BHI-00355, Rev. 0)
Given: The following parameters are used to perform the storage tt  :alculations:
Area of one lined cell = 8.36 acres (Cells 7-10) (8.3551 rounded to 8.36 acres)
25-year, wr 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 pletely 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:
25-year, 24-hour storm event = 1.28 inches = 0.11 f
Area of one lined, open cell = 8.36 acres = 363948 it (uses 8.3551 acres)
Volume of leachate from one open cell = 38,821 f°
The available storage volume in the each of the existing leachate storage tanks is then calculated as shown
Diamatar ~f ctampe tank = 81 feet
Cross rea= 5,153 s
Maxi ite height in tank 6 feet (assume 2’ freeboard in tank)
Volume of each storage tank = 30,918 f?
Number of storage tanks = 2
Total available storage volume = 61,836 @
The factor of safety is calculated by dividing the available vol 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= 38,821 f
Volume of leachate pumped from cells= 6,016 > As provided by WCH: 9 cclls at 5,000 gal/week/cell
-
44,837 R
Total Available Storage= 61,836 f°
F5=1.38
C:\Documents snd Settings\khudnut WEAVERBOOS\Local Scriings\Temporary Internes Files\OLK 1¥ank volume Page 101 of 345
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U. S. DEPARTME Oif NE Y - HANFORD SITE
e - ENVIRONMEr) AL REMEDIATION PROGRAM
ENVIRC.vun TAL RESTORATION DISPOSAL FAGILITY (EROF)
PROJECT NO. W-296
CONSTRUCTION SUBCONTRACT DRAWINGS PREPARED FOR:
INDU~=""S, INC, - SUBCONTRACT NQ.: 0800X-SC-G0OO:
SECTION 432L. - INED BOLTED STEEL LIQUID STORAGE TAN
INDEX_TO SUBMITTAL DRAWINGS
SK_NQ, REVISION DESCRIPTION
95051850 - INDEX TO SUBMITTAL DRAVWINGS
050518-51 - 81" DIAMETER TANK ELEVATIONS
850518-82 - 30 DIAMETER TANK ELEVATION
950518-83 - LEACHATE TANK NC. 1 PLAN- LINER AND PIPING DETAILS
B60518-54 - LEACHATE TANK NO. 2 PLAN - LINER AND PIPING DETALS
95051855 - WASHWATER TANK FLAN - LINER AND PIPING DETALLS
950518-S6 - LBACHATE TANKNO. 1- FLOATING COVER PLAN
9505187 - LEACHATE TANK NO. 2- FLOATING COVER PLAN
850518-S8 - LEACHATE TANK SECTION
950518-58 . DUAL CONTAINMENT PIPE CONNECTION DETAILS
950518-510 - DUCTILE IRON FIPE CONNECTION DETALLS
550518-511 . WIND ANCHOR DETAIL C
aznElg §12 - SITE PREPARATION RECOMMENCATIONS
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Desios_Specificationss

Shell Design:

AWWA D-103-87

Specific Gravity:

1.00

Wind Load:

TaOMPH

Beanng Losd:

1165 pst

Sesmc Design:

Zong 2 Per AWWA D-103-87

U.3, Patent %No. 4,860,916
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PORTA TANK™ ELEVATION
QUNITSREC D

Mateniay Specifications;

Wail Papel e
ASTM A48 Grade "D", Minimum Yieid Strength 50,000 pa

Paciory Co © ¢

ENV-0518-01 | Polyesmr Powdercoat Finish)
Struotorai eners:

SAEM2SGr | Zinc Eleciroplated

Primary Lines

ENV-3004-12 (30 ME Seaman Corp. XR-5®)
Geotextile:

ENW.D8123-62 (8 az. Nonwoven Polypropylene)

-9

- PORTA TANK™ - LEACHATE STORAGE TANK
GENERAL DESIGN PREPARED FOR:
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Weaver Boos Consultants, LLC Calculation No. 0060-SC-T-003
Made By _ SN __ Date _ 6/20/07 Subject _HDPE 6" Transducer Access Pipe Calculations

ChkdBy __ JB Date 8/01/07 Hanford ERDF Bottom Liner Design
Objective: To calculate the static loads on the HDPE transducer access pipes that will be used in the botlom liner system

beneath Cells 7-10. These loads are then compared to the allowable stresses on the selected pipe.

Methods: 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.

Given: The transducer access pipes will consist of six-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 of the various earth loading layers are summarized below and in the attached figures:

Overburden Layer Thickness (ft) Unit Wt. (pcf) Applied Load (psf)
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 are assumed to be cons  ted of high-density polyethylene Typical pipe properties are shown below;

Pipe design ratio (DR) = 11

Nominal pipe diameter = 6 inches

Wall thickness (1) = 0.602 inches

Pipe outer diameter (D ,)= _ 6.625 inches

Avg. inner diameter (D) = 5.373 inches

Design compressive stress (o) = 800 psi (from Ref. 1)

Long-term elastic modulus (E) = 29,900 psi (from Ref. 1, assuming 60° F)

Ring buckling strain limits = 4.2% of diameter (conservative, from Ref. 1)
Perforation frequency = 2 holes per foot

Perforation diameter = 0.500 inches
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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:
12
Po=P—°_
¢ 7" 12-nD,
where P . = Corrected pipe loading, psf
P = Vertical load applied to pipe = 16,135 psf
N = Perforation frequency = 2 holes per foot
D p = Performation diameter = 0.500 inches
Pq.= 17,602 psf
|
Pipe Wall Compressive Stress |
When a non-pressurized pipe is confined in a dense embedment, the compressive stress in the pipe wall is |
calculated by the following equation:
- = P.D, (Chevron, 2003)
wall 2881
where oy = Pipe wall compressive stress, psi
P ¢ = Corrected pipe loading = 17,602 psf
D, = Pipe outer diameter = 6.625 inches
t = Pipe wall thickness = 0.602 inches
O yall = 672.6 PSi
The factor of safety against wall crushing is calculated as shown below:
Y wall
where = Factor of s against wall crushing
o, = Long-term compressive stress design value : 800 psi
FS = 1.19
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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:

’ E
Pye=5.65 [RB'E'————
we 12(DR-1)° (Chevron, 2003)

where Py = Allowable constrained buckling pressure, psi
R = Buoyancy reduction factor = 1 (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 = 1

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

— 1 (Chevron, 2003)
l+4e(-0.065ﬂ)
where H = Soil cover depth above pipe = 118.5 feet
B = 0.998

The allowable constrained buckling pressure can then be calculated:
Py = 488 = 7 9 psf

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

FS= Foc
c
where FS = Factor of safety against wall buckling
P . = Corrected pipe loading = 17,602 psf
Fs= 39
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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 lowa Formula:

Ax_r KL
D 144 3 (Chevron, 2003)
' 2 —-’——] +0.061E'
3\DR~-1
where A X = Horizontal deflection, inches
D, = Pipe inner diameter = 5.373 inches
P . = Corrected pipe loading = 17,602 psf
K = Bedding factor = 0.1 (typical)
L = Deflection lag factor = 1.0 (recommended in Ref. 2)
E = Pipe elastic modulus = 29,900 psi
DR = Pipe design ratio = ) 11
E’ = Modulus of soil reaction = 3,000 psi (for well-compacted coarse bedding)
4X = 0.32 inches

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:

_ . A 2C (Chevron, 2003)
£=fp———
DM DM
where £ = Pipe wall strain
fp = Deformation shape factor = 6.00 (conservative for non-elliptical shape)
AX = Pipe deflection = 0.32 inches '
D, = Pipe mean diameter = 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 1 = Pipe wall thickness = 0.602 inches
C= 032

The pipe wall strain can then be calculated:

e= 34%
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Conclusions:

The factor of safety for the wall strain is calculated as shown below:

£

FS = _ailow
€
where FS = Factor of safety for pipe wall strain
€ iow = Allowable ring strain = 4.2% (conservative, from Ref. 1)
FS= 122

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 1 recommends using 800 psi as a "long-
term compressive strength design value". Other publications listac  essive 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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Objective: 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.
Methods: For pipes blaced 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.

Given: 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 of the various earth loading layers are summarized below and in the attached figures:

Overburden Layer Thickness (ft) Unit Wt, (pcf) Applied Load (psf)
Final Cover 18. 120 2,160
Waste 91 140 12,740
Operations Layer 3 130 390
Drainage Layer 7 130 910
Secondary Sump Gravel 0.5 130 65 “Thickness calculated to
TOTAL 16200  top of pipe.

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

Pipe design ratio (DR) = 11

Nominal pipe diameter = 12 inches

Wall thirknace (1) = 1.159 inches

Pip Dy)= 12.75 inches

Avg. inner diameter (D) = 10.339 inches

Design compressive stress (o,) = 800 psi (from Ref. 1)

Long-term elastic modulus (E) = 29,900 psi (from Ref. 1, assuming 60° F)

Ring buckling strain limits = 4.2% of diameter (conservative, from Ref, 1)
Perforation frequency = 2 holes per foot

Perforation diameter = 0.500 inches
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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:

poop_ 12
12~ND,
where P+ = Corrected pipe loading, psf
P = Vertical load applied to pipe = 16,200 psf
N = Perforation frequency = 2 holes per foot
D p = Performation diameter = 0.500 inches
Pc= 17,673 psf

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

o = F.D, (Chevron, 2003)
R TTY
where &, = Pipe wall compressive stress, psi
P ¢ = Corrected pipe loading = 17,673 psf
D, = Pipe outer diameter = 12.750 inches
t = Pipe wall thickness = 1.159 inches
Crpall = 675.1 psi

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

where FS = Factor of safety against wall crushing
o, = Long-term compressive stress design value : 800 psi

FS= 119
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Pipe Wall Buckling
Buckling resistance increases when flexible pipe ic emh " "2d in soil, since the soil and pipe work together to
resistthe b ing forces. The allowable bucklin 5.~ 0N the pipe is calculated by the following equation:
P,-=565|RB'E' £
we = - m (Chevron, 2003)
where P wc = Allowable constrained buckling pressure, psi
R = Buoyancy reductionf r= 1 (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 (Chevron, 2003)
1 + 42(4].065”)
where H = Soil cover depth above pipe = 119.0 feet
B = 0.998

The allowable constrained buckling pressure can then be calculated:
Py = 488 psi= 70,281 psf

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

e
where FS = Factorofs s against wall buckling
P = Corrected pipe loading = 17,673 psf
Fs= 398
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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 Modi lowa F la:

A _ P KL
D 144 3 (Chevron, 2003)
' 35[ ! ] +0.061E"
3\DR-1
where A4X = Horizontal deflection, inches
D, = inner diameter = 10.339 inches
P, = Corrected pipe loading = 17,673 psf
K = Bedding factor = 0.1 (typical)
L = Deflection lag factor = 1.0 (recommended in Ref. 2)
E = Pipe elastic modulus = 29,900 psi
DR = Pipe design ratio = 11
E’ = Modulus of soil reaction = 3,000 psi (well-compacted coarse bedding)
4X = 0.63 inches

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:

_, Ax 2C (Chevron, 2003)
= fo oo
D, Dy
where & = Pipe wall strain
fp = Deformation shape factor = 6.00 (conservative for non-elliptical shape)
4 X = Pipe deflection = 0.63 inches
D, = 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=0.501.061) (Chevron, 2003)
where t = Pipev  thickness = 1.159 inches
cC= 061

The pipe wall strain can then be calculated:

e= 35%

Page 113 of 345

VAPROJECTS\2186\351\Changs Notice 1\Calculations\100\hdpe pipe calcs

Desic Analysis Variance Report ERDF Cells 7-10
October 2007



WCH-195
Rev. 0

Sheet 10 of 10
.File No. 21§§-§§°1-j]
Weaver Boos Consultants, LLC Calculation No. 0060-SC-T-

Made By ___SN Date _ 6/20/07 Subject _HDPE 12" Transducer Access Pipe Calculations
ChkdBy __JB Date __8/01/07 _ Hanford ERDF Bottom Liner Desi

The factor of safety for the wall strain is calculated as shown below:

= Eal‘law
o £
where FS = Factor of safety for pipe wall strain
£ 410w = Allowable ring strain = 4.2% (conservative, from Ref. 1)
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 bending. Reference 1 recommends using 800 psi as a "long-
term compressive strength design value”. Other publications list a compressive strength of over 1,500 ps for
polyeth * * 5o presumably a factor of safety is already included in the "design value" from Reference 1.
In addi 1ce 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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For a constant water table above the pipe, Table 5-1 indicates a 50-year, 73° F modul  of
28,200 Ibfin?, thus Formula 7-28 yields
_ (24)(28,200)(0.124)

2 =679 Ib/in?
(1-0.452)(25%)

Per

Assuming 5% ovality and a 2 to 1 safety factor, fg from Figure 7-14 is 0.64. Formula 7-30 yields
P =(°-_54)2(6-_791 =2471b/In* = 501 H,0

Flooding conditions are occasional h  )eninas. usually lasting a few days to a week or so.
From Table 5-1, 1000 hours (41.6 days) is i ! twice the expacted flood duration, so a value
of 43,700l  ? provides about a 2 to 1 safety margin. Solving as above,

— =1044 Ib/in®
(1-0 452)(25%)

Fer

P ={064)(1044) =668Ib/in? =154 H,0

Constrained Pipe Wall Buckling
Buckling resistance is increased when flexible pipe is embedded in snil  The soil and pipe
couple together to resist buckling forces. A vertically applied thrust fo  causes the pipe to
widen horizontally, but horizontal pipe deflection is restrained by the embedment soll, thus the
pipes critical buckling pressure increases. A pipe/soil interaction occurs when the depth of cover
is sufficient to mobilize soil support. A publication by the American Water Works Association,
AWWA C-950, indicates that at least four feet of cover is needed to mobilize soil support.

AWWA C-950 provides a design equation for buckling of a buried plastic pipe. The followin
constrained pipe buckling equation is applicable to DriscoPlex™ OD controlled and DriscoPlex
2000 SPIROLITE® pipe.

For OD Controlled Pipe

<k -
R1 {
av 14 \Ul\ - J) .
For DriscoPlex” SPIROL.. ® Pipe
5.65 £t ,
Pye =—— |RB'E (T
we =~ RB P (7-33)
Where terms are previously defined and
Pwe =  allowable ¢ -ained buckling pressure, Ibfin®
N = safety factor
R = buoyancy luction factor
Hl
R=1-033— K
H (7-34)
H =  groundwater height above pipe, ft
H = cover above pipe, ft

Bulletin: PP 900
Book 2 - Chapter 7 Page 106

Page 121 of 345

Design Analysis Variance Report ERDF Cells 7-10
Octol 2007 C-18






WCH-195
Rev. 0

Anxunmr \ O 1)

The allowable buckling stress, Pye, is greater than the applied load pressure, Pg, therefore,
Class 100 pipe is satisfactory for this installation.

Ring Deflection
Some vertical pipe deflection is desirable to promote arching and to mobilize the passive soil
resistance forces that support the pipe However, deflection may affect other pipe or system
performance areas, such as pipe material long-term strain capability, pipeline hzdraulic capacity
and compatibility with cleaning equipment. In DriscoPlex™ 2000 SPIROLITE® pipe, bell-and-
spigot joint sealing capability may be affected by excessive deflection

The two components of buried pipe deflection are construction deflection and service load
deflection. Construction deflection occurs during shipping and handling and placing embedment
around the pipe up to the pipe crown. Construction deflection incorporates all forces acting on
the pipe up to the point where backfill is placed above the pipe. Service load deflection occurs
from backfill placement above the pipe and from applied surcharge loads. The deflection
observed in a buried pipe after the completing an installation is the sum of construction
deflection and service load deflection.

Several methods are  ailable for determining flexible pipe deflection from earth loads and
surcharge loads. Historically, Spangler's Modified lowa formula has been used to find the
deflection of plastic pipes. Other methods include closed form solutions, and numerical methods
such as finite element solutions. Alternatives to Spangler's formula may give more accurate
values, but they usually require more precise informatian on soil and pipe properties. Therefore,
these methods are not as commonly used as Spangler's Modified lowa formula.

Spangler's Modified lowa Formula can be written for DriscoPlex™ 2000 SPIROLITE® pipe as:

AX P’ wi
—— = | e - {7-36)
<
D 144) L2ARS, 4061
1
And for DriscoPlex” OD controlled pipe as:
AX P KL
D - 2E PN . (7-37)
! = +0.061E'
3 \DR-1
Where
AX = horizontal deflection, in
D, = inside diameter, in
P, = pine crown vertical pressure, Ib/ft?
K = be ing factor, typically O 1
L = denection lag factor
E = soil reaction modulus, 'in’
E = elastic modulus, Ibfin? (Table 5-1)
Bullsiin: PP 800
Bock 2 - Chapler 7 Page 108
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BHI-00355 =/)4
Rev 00, Vol. 1

[Sublect__ St 7 Excavaled Sio ]
Golder Job No: S4c-iclo pmaus 0y SGH wa. 1131195 -
Assoclates Ref: Checked: @D L Isheet 9 of ofy
Reviewed:
CALCULATIONS:  -Determine the Input Parameters

Reference: BHI, (1995), "Design Analysis -

- Soll Characte/dstics and Properties

_.are are three soll typas to consider In the analysis:

Soll Type 1: Stuctural Fil

Use a maist denslty of 125 pef. <=
Use a cohesion of 0 psi.
Usealriction angle of38de 8. &€—

Friction angle based on laboratary tests of similar
material for the Non-Drag-Off facility (see reference 2).

Also, see Fill Specifications: Fill shall be compacted lo 95%
of Modified Proclor, dry unit welght =115-120 pef Using
Figure 3.7 from reference 5, and using a minlm  relative
density of 75%, & friction angle of 38 degrees is reasonable
for this materal.

Soll Type 2: Loose to medium dense upper Eolian Deposlt (SAND),

litie gravet

Use a molst density of 125 pcl &
Use a cohesion of 0 psf.
Use a friction angle of 38 degrees &

Fric ng
matertal for 22).

Also, see boring for wells 699-35-688 and 699-35-608
for solis Information.  All material has N values greater than
50 From chart, reference 6, take a minimum relative density
of , and from Figure 3.7 from reference 5, a friction
angle of 38 degrees s reasonable for this material.

ReferenCe NO,

*u

Constrxuction of #W-296 Environmental Restoration

/Ya.}’} pisposal Facility", prepared by Golder Adsociates Eor BHI, BHI-00355, Rev.00, Vol 1, June 1995
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BHI-00355 P
‘ Rev.00, Vol 1 @‘_D

~
N

Golder
Associates

Subject  Siablity Analysls of Excavated Slopes !
JobNo.: 943-1215 |Made by: SGH Date: 1131/95 - !
Ref. Checked: (2L~ |Sheet: of 49
) 3 :
Reviewed: .

CALCULATIONS: {cont.)

~ Determine the Input Parameters {cont.)

Solf Type 3: Dense to very dense fine to coarae SAND. ,
Use a moist density of 125 pef =~ e N
Use a cohesion of 0 psf : :
Use a friction angle of 38 degrees. «&—-

Friction angle based on laboratory tests of similar . :
material for tha Non-Drag-Oft facility (see reference 2)

Also, see boring logs for wells 695-35-68B and 699-35-698 B
for soils information. All material has N values greater than
50 From chart, referenca 6;'take a minimum relative density i
of §0%, and from Figure 3.7 from reference 5, a friction ;
angle of 38 degrees is reasonable for this material. : ;

- Selsmic Accelerations Yas

For dynamic analysis, Use 0.12gés the horizontal acceleration.
(see "Sideslope Liner Seis tability” analysis, part of this package)

- Groundwater (see reference 7)

The uppermost aquifer in th ed ERDF area has a8 maximum
elevation of approximatelf 455 t MSL) The maximum depth of
ERDF excavation is approximately ft MSL Therefore, groundwater is

almost 200 ft below the ERDF and will not adversely effect the slope
stability at the ERDF.

~ Run the analysis
The analysis was perfarmed using XSTABL. The output files and

graphical representations of the critical fallure surface and factor of
safely are provided in this calculation. In summary;

Section A Minimum Factor of Safety: Stalic = 22
Dynamic = 16
Section B Minlmum Factor of Safety: Stalic= 12
Dynamic = 09

T,

To23
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XSTABL File: SECTASTA 1-21-95 10309 Rev 00, Vol 1 C:J@
*******iii**i**i*ti**ii;i*iiii****i***ii** .-
* XSTABL *
* *
* Slope Stability Analysis *
* using the *
* Method of Slices *
L *
* Copyright (C) 1992 & 94 *
* Interactive Eoftware Designs, Inc. *
* Moscow, ID 83843, U.S.A: *
* * at
. All Rights Reserved * ¥
* *
* Ver. 5.007a 94 4 1319 *
ARk kr A kAR RI Ak h kAR R A hRh Ak h ok h A ik
Problem Description : ERDF - DEFINITIVE DESIGN
SEGMENT BOUNDARY COORDINATES
6 SURFACE boundary segments
Seqgment x-left y-left x-right y-right Seil Unit
No. (£t) (fL) (£t) (£ft) Below Segment
1 .0 656.4 - 118.8 660.0 3
2 118.8 660,0 226.8 696.0 3
3 226.8 696.0 262.8 706.0 2
4 262.8 706.0 334.4 731.9 1
5 334.4 731.9 363.1 729.3 1
6 363.1 729.3 486.9 726.8 1
2 SUBSURFACE boundary segments
Segment x-left y-left x-right y-right Soil Unit
No. {£t) (ft) (ft) (£t) Below Segment
1 262.,8 706.0 486.9 706.0 2
2 226.8 696.0 486.9 696.0 3
ISOTROPIC Soil Parameters
3 Soil uni pecified
Soil (T Unit Weight "\ Cohesion Pore Pressure Water )
Unit A Moist Sat. |\ Intercept\ 2Angle |Parameter Constant Surface
P Yo, | (pcf) (pct) (ps£) Ru (pst) No.
210
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1 /125.0 125.0 , . 000 .0 0
2 125.0 125.0 % .000 .0 0
3 125.0 125.,0 b . 000 .0 4]
.
g%
A critical failure surface searching method, using a random
technigue for generating CIRCULAR surfaces has been specified.
2000 trial surfaces will be generated and analyzed.
2 Ssurfaces initiate from each o0£f1000 points equally spaé;d
along the ground surface between x = 117.0 ft
' and x = 300.0 ft
Each surface terminates between x = 335.0 ft
, and X = 435.0 ft
Unless further limitations were imposed, the minimum elevation
at which a surface extends is y = 600,0 ft
* ®* % % * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * % * %
7.0 £t line segments define et trial failure surface.
ANGULAR RESTRICTIONS ¢ .
The first segment of each failure surface will be inclined
within the angular range defined by :
Lower angular limit := -45.0 degrees
Upper angular limit := (slope angle - 5.0) degrees
Factors of safety have been calculated by the :
* k k &k K SIMPLIFIED BISHOP METHOD ok ok % %
The most critical circular failure surface
is ecified by 15 coordinate points
Point x=-surf y-surf
No. (£t) (£t)
1 245.78 701.27
2 252.68 702.46 -
3 259.54 703.81 /9(//
21D
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1 Water surface({s) have been specified

Unit weight of water = 62.40 (pcf)

Water Surface No. 1 specified by 2 coordinate points

WCH-195

Rev. 0
. ()
XSTABL File: HSSR 6-22-07 12:52
khkkhhkkkkhhhhhkbhdhhhhkhhhkhhrhhhhkhhhhhhhkhdhd
* XS TABYL *
* *
* Slope Stability Analysis *
* using the *
* Method of Slices *
* *
* Copyxight (C) 1992 - 2006 *
* Interactive Software Designs, Inc. *
* Moscow, ID 83843, U.S.A. *
* *
* All Rights Reserved ¥
* *
* Ver., 5,208 96 - 1477 *
IZES A RSS2 AR RS R RS RRR R AR RS B
Problem Description : CELLS 7 AND 8-NORTH EXC. STAT REVISE D
SEGMENT BOUNDARY COORDINATES
3 SURFACE boundary segments
Segment x-left y-left x-right y-right Soil Unit
No. (ft) (ft) (£t) (£t) Below Segment
1 .0 652.0 150.0 646.0 1
2 150.0 646 .0 400.0 730.0 1
3 400.0 730.0 500.0 730.0 1
ISOTROPIC Soil Parameters
1 Soil unit(s) specified
Soil Unit Weight Cohesgion Friction Pore Pressure Water
Unit Moist Sat. Intexcept Angle Parameter Constant Surface
No. (pcE) {pcE) (pef) (deq) Ru (pef) No.
1 125,0 125.0 .0 38.00 .000 .0 0
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XSS 22222 A XSRS S A2 AR RS R &) / ‘
PHREATIC SURFACE, 1zha |
ok dhkdrdkkdkhkddekk bbbk dbidrrkidiid :
Point x-water y-water
No. (fr) (ft)
1 .00 4424 .00
2 500.00 444.00
- - WARNING ______________________________________________________________

Watex surface number 1 has been defined but is not
ugsed by any soil unit. The analysis will IGNORE
water surface # 1. Please make sure that this
assumpt: is consistent with your subsurface wodel.

A critical failure surface s<arching method, using a random ‘
technique for generating CIRCULAR surfaces has been specified. !

2000 txial surfaces will be generated and analyzed.

2 Surfaces initiate from e: 0f1000 points equally spaced

along the ground surface between x = .0 ft i
and x = 275.0 ft :
Each surface terminates between X = 275.0 ft
and X = 500.0 ft

Unless further limitations were imposed, the minimum elevation
at which a surxface extends ia y = .0 ft

* x % * * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL ¥ * * & *

8.0 ft line segments define each trial failure surface.

The first segment of each failure surface will be i1 ined
within the angular range defined by :

Lower angular limit := -45.0 degrees
Upper angular limit := (slope angle - 5.0) degrees
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Factors of safety have been calculated by the :

*

* ok ok ¥ SIMPLIFIED BISHOP METHOD * ok ok ok %

The most critical circular failure surface
is specified by 22 coordinate points

Point x-sgurf y-surf
No. {(ft) (£t)
1 2212.32 669.96
2 229.11 671.78
3 236 .88 673.68
4 244 .64 675.65
5 252,37 677.69
6 260.08 679.81
7 267.78 682.00
8 275 .45 684.27
9 283.10 686.60
10 290 .73 689.02
11 298.33 691.50
12 305.91 694.06
13 313 .47 696.69
14 321.00 699.39
15 328.50 702.17
16 335.98 705.01
17 343 .43 707.93
18 350.85 710.92
19 358.24 713.98
20 365.60 717.12
21 372.93 720.31
22 378.23 722.68
*x%% Gimplified BISHOP FOS = 2.336 whEx

The following is a sumary of

WCH-195
Rev. 0

Problem Description : CELLS 7 AND 8-NORTH EXC., STAT REVISE

=

QUM BWNKH

FOS Circle Center Radius Initial
(RISHOP) x-coord y-coord x-coord
(£t) (fr) {(ft) (ft)

. 2.336 35.47 1482.95 833.96 221.32
2.340 113.95 1155.66 ‘498_18 214.99
2.341 17.18 1345.57 710 .83 159 .11
2.341 142.32 988.30 329.44 207.83
2.343 180.64 914.51 246 .89 227.93
2.343 51.70 1301.74 658.65 177 .28
2.345 206.84 849.05 176.00 239.76
2.351 1. 42 1185.23 529.61 200.67
2.351 ~-12.13 1580.63 947.01 160.21
2.352 88.86 1087.60 443 .85 160.76

Design Analysis Variance Report ERDF Cells 7-10

October 2007

Texrminal
x-coord
(fr)

378.23
327.97
324.58
284.95
289.18
341.93
284.97
357.34
404.07
295.98

the TEN mest critical surfaces

Resisting

3.
1.
4,
4.161E+06
2.075E+06
4.072E+07
8.
3

1

2

Moment
(ft-1b)

509E+07
310E+07
126E+07

214E+05

.517E+07
,4628+08
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XSTABL File: HSDR 6-22-07 12:57

Sk ok ek ok kb ok kk ko dkhkkkk ek ko kRN ok k ko hdk ko h K
XSTABL

* *
»* *
* Slope Stability Analysis *
* using the *
* Method of Slices *
»* *
* Copyright (C) 1992 - 2006 *
* Interactive Software Designs, Inc. *
* Moscow, ID 83843, U.S.A. *
* *
* All Rights Reserved *
* *
* Ver. 5.208 96 - 1477 *
* *

Jededk hdekddededkkk ko ko kkdekkhkdkhk ko kdkddkkdkkdkhkoudk

Problem Description : CELLS 7 AND 8-NORTH EXC, DYNAM REVISED

SEGMENT BOUNDARY COORDINATES

3 SURFACE boundary segments

Segment x-left by~1eft x-xight y-right Soil Unit
No. (£t) (ft) (ft) (ft) Below Segment
1 .0 652.0 150.0 646.0 1
2 150.0 646.0 400.0 730.0 1
3 400.0 730.0 500.0 730.0 1

ISOTROPIC Soil Parameters

1 Soil unit({s) specified

Soil Unit Weight Cohesion Friction Pore Press Wat
Unit Moist Sat. Intexcept Angle Parametexr Constant Surface
No. (pcf) (pct) {psf) (deg) Ru (psf) No.

1 125.0 125.0 .0 38.00 .000 .0 0

1 Water surface(s) have been specified

Unit weight of water = 62.40 (pcf)

Water Surface No. 1 specified by 2 coorxdinate points
Page 145 of 345
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Point x-water y-water
No. (fr) (£t)
1 .00 444.00
2 500.00 444,00
—= WARNING === cmomm o mmmm m e oo e e e

Water surface number 1 has been defined but is not
used by any soil unit. The analysis will IGNORE
water surface # 1. Please make sure that this
assumption ; consistent with your subsurface wmodel.

ot v e e v e e e e e . 4R B e e e D e By W T e

A horizontal earthquake loading coefficient

" of .120 has been assigned

A vertical earthquake loading coefficient
of .000 has been assigned

A critical failure : -face searching method, using a random
technique for generating CIRCULAR surfaces has been specified.

2000 trial surfaces will be generated and analyzed.

2 Surfaces initiate from each of1000 points equally spaced

along the ground surface between Xx = .0 ft
and x = 275.0 £t
Each gurface terminates between x = 275.0 ft
and X = 500.0 ft

Unless further 1 utations were imposed, the minimum elevation
at which a surface extends is y = .0 1t
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QS/M)
Lower angular limit := -45.0 degrees
Upper angular limit := (slope angle - 5.0) degrees
Factors of safety have been calculated by the
* ok ok k& SIMPLIFIED BISHOP METHOﬁ * ok ok ok
The most critical circular failure surface
ig specified by 22 coordinate points
Point x-surf y-surf
No. (ft) (£t)
1 221 .32 '669.96
2 229.11 671.78
3 236.88 673.68
4 244 64 675.65
S 252 .37 677.69
6 260 .08 679.81
7 267 .78 682.00
8 275 45 684 .27
9 283.10 686.60
10 290.73 689.02
11 298.33 691.50
12 305.91 694 .06
13 313 .47 696.69
14 321.00 699 .39
15 328 .50 702.17
16 335.98 705.01
17 343 43 707.93
i8 © 350 85 710 92
19 358.24 713.98
20 365.60 717 .11
21 372.93 720 31
22 378 } 722 .68
*exk  Simplified BISHOP FOS = 1.652 kixk
The folléwing is a summary of the TEN most critical surfaces
Problem Description : CELLS 7 AND 8-NORTH EXC. DYNAM REVIS
FOS Cizcle Center Radius Tnitial Terminal Resisting
(BISHCP) x-~coord y-coord x-coord x-coord Moment
(£t) (£t) (£t) (£t) (£t) {ft-1b)
1. 1.652 35.47 1482.95 833.96 221.32 378.23 3.368E+07
2. 1.656 113.85 1155.66 498 .18 214,99
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Sheet 1 of 2
File No. _ 2186-351-11
Weaver Boos Consultants, LLC : Calculation No._0060-SC-T-005
ade By _ SN Date _ 06/07/07 Subject Action Leakage Rate (ALR) =~ tions
ChkdBy ___JB Date 8/01/0 Hanford ERDF Liner Desi

Objective: To calculate the Action Leakage Rate (ALR) for the secondary leachate collection system / leak detection
system between the geomembrane liners at the Hanford ERDF.

Methods: The USEPA defines the ALR as "[T]he maximum design flow rate that the leak detection system (LDS)
can remove without the fluid head on the bottom liner exceeding 1 foot.” (40 CFR 264.302, 1992). The
ALR must consider uncertainties in the systerm design, construction, and operation; as well as decreases in
the flow capacity of the system over time. USEPA published a guidance document in 1992 that addresses
the calculation of site-specific ALRs for hazardous waste landfills. In addition, the long-term design flow
capacity of the proposed geosynthetic drainage layer was also calculated. References are shown below:
U.S. Environmental Protection Agency (1992). "Action Leakage Rates for Leak Detection Systems.”
Supplemental Background Document for the Final Double Liners and Leak Detection Systems
Rule for Hazardous Waste Landfills, Waste Piles, and Surface Impoundments. U.S. EPA,

" EPA 530-R-92-004.

Given: In 40 CFR 264.301, the following minimum standards for a leak detection system are presented:
Minimum bottom slope = 1%
Minimum drainage layer conductivity = 1.0E-02 cm/sec (for granular drainage layers)
Minimum drainage layer thickness = ) 12 inches (for granular drainage layers)
Minimum drainage layer transmissivity = 3.0E-05 m%/sec (for geosynthetic drainage layers)

Calculations: In the 1992 guidance document, USEPA proposed the following equation to calculate the flow in the leak
detection system:

O=k-h-tana-B,, (USEPA, 1992)

where: _ = Flow rate in the leak detection system (drainage layer)
k = Hydraulic condi ity of the drainage medium
h = Head on the bottom liner

Slope of the leak detection system

B ., = Average width of flow in the leak detection system

R
i

B D (USEPA, 1992)

sin @

where: D = Drainage layer thickness

For the proposed ERDF liner configuration, the following values are used:

k= 5.00E-02 cm/sec = 1.42E+02 ft/day (assumed based on previous values at the site)
h= 12 inches = : 1.0 foot (assume worst-case value)
a = 1.5%
tan @ = 0.0150 (based on slope of the bottom liner)
sina = 0.0150 (based on slope of the bottom liner)
D= 12 inches = 1.0 foot (from proposed design)
By = 66.67 feet (from equation above) Page 154 of 345
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A'rmm'.\enf' \ (l ot ‘{)
' EPA 530-R-DA-0a o

nNTrs #PB 92128 214

ACTION LEAXKAGE RATES FOR "mx DETECTION 8YSTEME

(Supplemental Background Document for
the Finiél Donble Liners and leak Datection aystems Rule for
Hazaydous Waste Landfills, Waste Piles, and 8 [ace Impoundments}

U. S. ENVIRONMENTAL PROTECTION AGENCY ;
Offica of 8o0lid Waste !
January 1992 :

U5 Franeeant=] Protection Agency
e a12)
'.vard, 12th F
£580 loar
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. Armncumenr L (400 )

ninimum technical requirements and other design assumptions to
maximize potential head on the bottom liner, and uses a safety
factor, EPA beliaves that the units meeting the minimum technical
requirements would not require action leakage rates balow 100
gp-* for landfills and waste piles and 1,000 gpad for surface

im_ indments.

Assuming the wetted area in the drainage layer beneath a small
hole leak has approximately the shape ¢f a Cone from side- view
- and a parabola from top view, the width of the parabola (B) is:

=1
2-\% 2% §inet
- liil

where x = plan distance downslope frem hola (i.e., Bis a
function of the distance x from the hole; most of B is
at the hole with only slight increases downslopa).

. . ’ 2 (&

Assuming x = 0 (i.e., looking at B under the hole, B = y )
and substituting this value for B into Eguation 1 moditiad for a
triangular cross-section of flow (i.e., Q = 1/2 k-hetan a*B) and
solving for Q ylelds:

Q = keh? . (Equatien 2)

where h = head on the bottom liner and h < thickness of
drainage layer.

This equation becomes the following if the condition is changed
from "h < thickness of the drainags layer (D)™ to "h 2 D" (which
is important for geonet calculations):

Q = X*D (2h -~ D) [Equation 3).

Solving Equation 3 using the minimum design specifications in the
final rule, Q =

¢ . for .1 cm/sec: 2100 gpad
.02 cn/sect 210 gpad
geonets 6800 gpad. b

T e numbers are 31 e as the re: ta given above for
EqultiQn 1 .

Results Using & 3~D Nodsl

Tables 1~4 and Figures 1-10 in Appendix B were developed from a
3-D model to show the relative effects of various design
paramaeters and assumptions on flow capacity, and to show the
shapas of the flov in the drainage layer for various designs and
assumptions, including hole size and head. Appendix C gives
background infermation on the 3-D wmodel. Thae tables show thit
slope, length of rum, and hola size have somae effact on flow rate
(e.g., 4% Increase in flow rate when slope is increased from 1%
to 2% [Tables 1, 3-5); 1% increase in flow rate at 1% slope when

=12~
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. File No. _2186-351-11
‘eaver Boos Consultants, LLC Calculation No. 0060-SC-C-001
Made By __ SN Date _ 06/25/07 Subject Stainless Steel Pipe Static Load Calculations
ChkdBy __ _JB_ Date 8/01/0 Hanford ERDF Vadose A" g
jective: To calculate the static loads on the stainless steel piping that will be used in the vadose zone monitoring

Methods:

Given:

system beneath Cells 7 and 8. These loads are then compared to the allowable stresses on the selected

For earth loads on a buried steel pipe, the steel pipe is considered flexible and the design procedures for
i ble pipe apply. For pipes placed in a trench 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 th depth
of fill over the pipe. References are listed below:

American Lifelines Alliance. (2001). "Guidelines for the Design of Buried Steel Pipe."

The vadose zone monitoring system will consist of three (3) four-inch diameter non-perforated stainless
steel pipelines trenched into the cell subgrade just beneath the admix liner. The piping must be designed
to withstand the overlying loads, including those impc by the  lc The unit weights and
thicknesses of the various earth loading layers are summarized below and in the attached figure:

Overburden Layer Thickness ()  Unit Wt. (pcf)  Applied Load (psf)

Final Cover 18 120 2,160
Waste 93 140 13,020
Operations Layer 3 130 390
Drainage Layer(s) 2 130 260
Admix Liner 3 140 420
Pipe Trench Backfill 2 130 260
TOTAL . 16,510

The pipes are assumed to be Schedule 40, and constructed of Grade 304 stainless steel. Typical pipe
properties are shown below:

Mi i )= 29,500 psi
Modulus of Elas 29,000 ksi

Ring buckling strain limits = 5.0% of diameter
Nominal pipe diameter = 4 inches
Wall thick ()= 0.237 inches
Pipe outer diameter = 4.5 inches

Page 161 of 345
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File No. _2186-351-11
I :aver Boos Consultants, LL. Calculation No. 0060-SC-C-001
Made By __SN Date _ 06/25/07 Subject Stainless Steel Pipe Static Load Calculations
ChkdBy . T3 Date 8/01/07 Hanford ERDF Vadose Zone Monitori

Calculations:  Wall Crushing
The factor of safety against wall crushing can be calculated by the following equation:

FS = g, (American Lifelines Alliance, 2001)
aapplied
where FS = Factor of safety against wall crushing
o, = Minimum yield strength of pipe materials 29,500 psi
O applieca = Applied load = 16,510 psf= 115 psi
FS= 287

Through-Wall Bending
Buried steel pipe will tend to ovalize under the effects of loading. The modified Iowa deflection formula
is used to estimate the pipe ovality under the applied loads:

Ay LKP
- (American Lifelines Alliance, 2001)
b % +0.061E"
where Ay = Vertical deflection of pipé, inches
D = Outer diameter of pipe = 4.5 inches
L = Deflection lag factor = 1.5 (assumed)
K = Bedding constant = 0.1 (assumed)
P = Applied pipe load = 115 psi (calculated above)

E = Pipe modulus of elasticity = 2.90E+07 psi
I = Pipe wall moment of inertia: 1.109E-03 in.*in. ( = 1*/12)

R = Pipe radius = 2 inches
E' = Modulus of soil reaction = 3,000 psi (assume well-compacted coarse bedding)
Ay = 0.018 inches

The through-wall bending stress is then calculated using the following equation:

o =4 E(ﬂ][_'_] (American Lifelines Alliance, 2001)
bw D D
where 04, = Through-wall bending stress, psi
Opw = 24,990 psi

o

FS=—2
abv

FS = 1.2

Page 162 of 345

VAPROJECTS\21861351\Change Notice 1\Celeulations\100\ss pipe calcs

Design Analysis Variance Report ERDF Cells 7-10
October 2007 G-3










WCH-195
Rev. 0

Aronenmens 1+ (1 oe 8)

:mericanLifelinesAlliance

»ublic-private partnership to reduce risk to utility and transportation systems from natural hazards

Guidelines for the Design
of Buried Steel Pipe

July 2001
(with addenda through February 2005)

ASCE

American Society of Civil Enginsers
[ES &5 i - < T L]
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Guidelines for the Design of Buried Steel Pipe

MArrrenmenr \ (2 op )

4.2 Ovality and Stress
4.2.1 Ovality

A buried pipe tends to ovalize under the effects of earth and live loads, as illustrated in Figure
42-1 The modified Jowa deflection formula may be used to calculate the pipe ovality under
earth and live loads:

Ay DKpP g
P [% + 0..061E’] -
where:

D = pipe outside diameter, inches

dy = vertical deflcction of pipe, inches

D; = deflection lag factor (~1 0-1.5)

K = bedding constant (~0.1)

P = pressure on pipe due to soil load Py plus live load Py, psi

R = pipe 1adius, inches

(ED).y = equivalent pipe wall stiffness per inch of pipe length, in /b

E' = modulus of soil 1eaction, psi

The pipe wall stiffness, (EI}.,, is the sum of the stiffness of the barc pipe, lining (subsciipt L) and
coating (subsciipt C).

(EI)W =EI+E I, +E.], 4-3)
where:

1

‘3

12

Al
Il

wall thickness of pipe, lining, o1 coating

Th d of soil rea E I he €

sutrounding the nine K’ /s actu 1lus, being the product of the
passive resistan soil and the radius of the pipe. Values of E* vary from close to zero for
du _ :d, loose, ned soil to 3000 psi for highly pacted, coarse-grained soil. Recent
studies show that the confined compression modulus can be used in place of £’

4.2.2 Through-Wall Bending

Under the effect of earth and surface loads, the through-wall bending stress in the buried pipe,
distributed as shown in Figure 4 2.2, is estimated according to (4-4):

July 2001 Page 15
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Guidelines for the Design of Buried Steel Pips Amncument V(3 o¢ B)
Ay ¢
=4[ 2| = 4-4

Ty [ D )[ D) 449
where:

op, = through-wall bending stress

Ay/D = pipe ovality

D = outside diameter of pipe

t = pipe wall thickness

E = modulus of elasticity of pipe

4 2.3 Crushing of Side Walls

The burial depth should b¢  ficient! the pressure P on the pipe due to the earth and suiface
load 1s less than that causing the crushing of the side wall (se  igure 4.2-3)

For buried pressure-sieel piping and§  ines, with D/t typically smaller an 100, and a yield
stress larger than 30,000 psi, crushing of the sidewall is quite unlikely.

424 Ring Buckling

If the soil and surface loads are excessive, the pipe cross-section could buckle as shown in Figure
42-4.

Appendix A evaluates 1ing buckling, which depends on limiting the total vertical pressure load

on pipe to:
1 (EN
E\/32RWB'E'— .
where:
FS = factor of safety
= . =22
= 30fo (C/D)<2 .
C = depth of soil cover above pipe
D = diameter of pipe
Rw = water buoyancy factor = 1- 0.33(hw/C), 0<hw~
hw = height of water sufaci ~ ive top of pipe
B’ = empirical coefficient of elastic support (dimensionlcss)

B’ as given AWWA Manual 11, Steel Pipe—A Guide for Design and Installation:

july <01 Page 16
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Guidelines for the Design of Buried Steel Pipa

Bl (4-6)

c
(~00652)
- 1+4e b

In steel pipelines, b\iékling typically occurs when the ovality reaches about 20%. Other
construction and code requirements typically limit the amount of permissible cross section
ovality for new steel pipelines to much smaller vahues (e.g., 3% in API RP-1102).

4.25 Fatigue

Where buried pipe is subject to large cyclic surface loads, as in the case of pipe crossing under
railroad tracks or highways, Federal, state ot local regulations usually specify a minimum busial
depth. These typically vary from 1 to 6 feet, depending on the type of crossing, the type of
excavation (rock or normal excavation), the pipe diameter, and the consequence of failure
[ASME B31.4, ASME B31.8, 49 CFR Part 192 and Past 195, API RP-1102]. For example, API
RP-1102 Steel Pipeline Crossing Railroads and Highways, Sixth edition, April 1993, specifies a
minimum depth of cover of 6 feet under railroad tracks and 4 feet under highway surfaces.

If the pipe is buried with less than two feet of cover, the continual flexing of the pipe may cause
a breakup of the road surface. If the pipe is mortar line or coated, the deflection limit due to the
cyclic live load should be limited to an amplitude of 1%.

4.3 Example

A standard, 24-inch diameter carbon steel pipe with flexible lining and coating and wall
thickness ¢ = 0.375-inch (moment of inertia 7 = 1943 in*), crosscs bencath a road. The maximum
design surface load is P, = 10,000 pounds. The pipe is buried 3 feet (36 inches) underground,
above the water table, in soil with a total unit weight of 100 1b/f® with a modulus of soil reaction
E’0f 500 psi. Determine the stresses in the pipe for the case of zero internal pressure.

The soil pressure on the pipe is:
B=10023p[ 1B )50
f DS
The pressure on the pipe due to a 10,000 pound surface load directly over the pipe (d = 0) is:
) _3(—10;0_(\11 L1189

b4

-2"5-=37 pSI

Y r n o\
27(36 in)z[l+ } "

\so1n/

With an impact factor of 1 15, the total live Joad is 1.15(3.7) =4 3 psi.
Therefore, the total applied pressure on the pipe is:
P=21psi+43psi=064psi

The moment of inestia of the pipe wall per inch of circumference is the moment of inertia of a
stiip 3/8-inch wide and 1 inch long. '

July 2001 Page 17
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Stainless Steel Product Fabrication - HCrossCompany com o ’
Avacumen+ | (S o 8) ;
Pyt e ——— S re——
R A H
ROEERD W;I
“‘U'rl:m'.m—:‘.m_ AT Ak !
SIRY  MEWS  FURCHASING FGLIEY  CATAT
Table of Conteats P
H
lntroduction
Tyne 302 Stalnjexs Steel
Tupe 304 Stalniean Steel
Typs 316 Gtalnlexs Sted)

y frms

N Introduction i

¥l There are various forms of stainiess steels and wa will briafly discuss the most i

X afloys produced by H Cross Company. If the spacific allay you require ts
nat [lsted contact us as we will fabricate yaur material or If the required quantity
Is targe anough we can purchase and fabricata the material for you :

i Type 302 Stalnless Steel

i Chamiatry % by Welght ]

i C 0.15% Max Mn 2% Max P 045% :

S Cr 17-19% N 0 1% Max S 0 03% :
Fe Bolance Nl 8-10% Sl 0 75% Max H !
Typical Mechanical Properties
Uitimate Tenslle Strength 74,000 PSI Minlmum
Yield Strangth 29,500 PS1 Minimum H
Elongation @ Braak 40% i
Moduius of Elasticity 25,000 KSI : 3
Typical Physkaal Properties .
Density 0.285 Ibs/cu In
Malting Polnt 1420 *C
Eecirical Resistvity © RT 72 Microhm-am
Thermal Conductivity € 100°C 16 3 w/m-k
This aliay bs the most frequ 33 steef family. It Is bast used
In apphcations th uire product 7 and
oxidation. It Is ea bk abiliry, | d, has
high strength with iow welgnt ang is n many forms, The vari
forms H Cross Company can supply are listed befow. Typical spplications for the
matecia! include the food and beverage ndustry, arycgenics, and pressure N
containing. Type 302 s preferred to type 304 for as rolled product snce its higher H
carbon content alows for meeting yleld and tensile requirements while halding a : .
higher level of ductidty - : ; i
Bnck o Top H
Type 304 Stainless Stee!

Chemlstry % by Welght .
€ 0.08% Max M 2% Max P 0045% :
Cr 18-20% N 1% Max -1 0 03%
Ffe  Balance L 8-10 5% Sl 0 75% Max
Typical Mechanical Properties
Ultimate Tensils Strength 74,500 PSI Minimum '
Yield Strength 29,500 PS! Minimum i
H 1
[
i
1 H
: i
http://www herosscompany com/metals/stainless htm 2/21/2007 o
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Stainless Steel Product Fabrication - HCrossCompany com
Ao t (_‘{ o# 8) —-- i
Elongation @ Brask 0% o e
Modulus of Elasticity 19,000 K5I |

Typical Physical Properties

Deraity 0.28S5 tbs/eu In

Melting Point 14210 C

Electrical Resistivity @ RT 72 Migohm-cm

Thermsl Conductivity @ 100° C 16 3 W/m-K

Type 304 staimless steel Js probably the second most L millar of the
swmiriess steel family It is used In many of the same & that the type

302 Reinleas steel is used and in fact many past users —* = 'pe 302 gtalnless stee!
are now using type 304 since technology has made loy rbon levels more
easlly attainable and econorical

fack e Ton

Type 3161 Stainless Steel

Chemistry % by Weight

c 0.03% Mo 3% F 0 045%
[«] 18-18% N 0.1% s 0 03% :
Fa Balance N 10-14% st 075% :
Mn % :
Typical Mechanical Proparties
URimata Tenslle Strength 70,000 PST Minlmum
Yield Strength 24,500 PSI Minlmum .
Elongation © Break 40% Minimum :
{Annaaled Temper) i
Modulus of Elasticity 25,000 K5I L
Typical Physical Propertiss ' :
Denstty 0.29 bs/cu In :
Msiting Point 1440°C H
Efectrical Rasistvity @ RT 74 Microhm-cm o
Thermal Conductivity @ RY 14.6 W/mr K i
Maximum Service Temp (Alr} 900° C P
. [
i

Type 316L stajnless steel In 2 molybdenum bearing austanBic that is more
reaistant to genaral eorrosion and pitting than canventional nickel chromium
stainless steels such as 302-304. This 3lloy also has 3 higher creep rashtanca, :
rupturs strength and tenalie strength at sievated temperatures In addition In tha H
slon e and tensfle strungth prop lt still has i

formahitity

1n addition to these alloys H Cross Company can also supply material In type 347
and type 420 (Martensitic) Stainiess steels H

K Cross Compa s and

fol sizes to suit ns

St Tvances our

| size lis :
assistance o
Bach tp Ton :
Infa@HCrmssCompany.com
Tel: 201-863-1134 363 Fark Avenue
Fax: 201-863-9297 Weehewhkén, NJ 07086 USA

Copyright ® 2807 H Crosy Company Al rights recervad

Castom MakalEab hr.lnn.nmtndul M Smmu_mnh _Yistel Erashicta Pabrikatory *
n-mmnz Matorials Matzria) Matals ® Mata)s Pabricotors, Mochining. Precious Matal Allpy
Allnys * Eadlslon Cing Fiahing oaci)iy Mety © Lame. Seal ugam. Lol Seals =

http://www hcrosscompany con/metals/stainless him 2/21/2007
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Veaver Boos - vnsultants, LLC Calculation No. 0060-SC-C-002

MadeBy __ SN Date _06/20/07 ! s
ChkdBy _ B Date 8/01/07 \ne Monitoring

For cable that is pulled through straight sections of conduit, the cable tension is calculated using the
following equation:

T,,=T,+LWu  (American Polywater, undated)

where T,. = Tensi outof cable segment (pounds)
T = Tension into cable segment (pounds)
L = Length of cable segment (feet)
W = Unit weight of cable (pounds per foot)
4 = Coefficient of friction (unitless)

For cable that is pulled through abend  : cable tension is calculated using the following equation:

T =The* (American Polywater, undated)

where T, = Tension out of cable segment (pounds)

T,, = Tension into cable segment (pounds)
u = Coefficient of friction (unitless)
6 = Bend angle (radians)

Beginning at Cable End B, the tension in each segment of cable is calculated as follows:

Straight Section from Cable End B to Bend B

Tw = 0 pounds (Cable End B assumed to provide no additional resistance)
330 feet (see diagram above)

= 0,11 pounds/foot (from above)

= 1.0 (from above)

~
|

Tow = 36.3 pounds
Bend B
T, = 36.3 pounds (from previous segment)
u= 1.0 (from above)
g = 22.5 degrees= 0.393 radians
Tow = 53.8 pounds
Straight S ~° fomBend BtoBend A
T;, = 53.8 pounds (from previous segment)

950 feet (see diagram above)
W= 0.11 pounds/foot (from above)
u= 1.0 (from above)

Ty = 1583 pounds Page 175 of 345
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Made By _ SN _ Date _ 06/20/07 Subject Cable Tension Calculations
Ct By__JB Date 8/01/07 Hanford ERDF Vados  ne Monitorin
Bend A
T, = 158.3 pounds (from previous segment)

H 1.0 (from above)
6= 225 degrees = 0.393 radians

Tow = 234.4 pounds
Straight Section from Bend A to Cable End A
T, = 234.4 pounds (from previous segment)
L 330 feet (see diagram above)

W= 0.11 pounds/foot (from above)
u= 1.0 (from above)

Tow = 270.7 pounds
Instrument Contribution

T, = 270.7 pounds (from previous segment)
Instrument weight = 50 pounds (assumed)

Tour = 320.7 pounds

The factor of safety (FS) is then calculated by using the following equation:

where T max = Maximum cable tension = 320.7 pounds (calculated above)
WLL = Working load limit of selected cable = 1,160 pounds (from above)

F§S = 3.62

Page 176 of 345
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The EPRl research showed that lubricated
coefficient of friction changes with varying normal

" force (the force pushing the cable against the

conduit wall). The EPRI report defines two
different friction coefficients, one at “high sidewall
bearing pressure” (High SBP) (going around
bends) and the other at “low sidewall bearing
prassurs” (Low SBP) (straight pulls) Surpdsingly,
the High SBP friction coefficlent is usually lower
than the Low SBP friction coefficlent, often lower
by a factor of more than 2.

The EPRI report goes on to recommend that the
High SBP friction coefficient be used in
calcutations when normal force on the cable is
over 220 Kg/M (150 ibs/ft), and that otherwise the
Low SBP coefficient of friction be used.

Polywater Research Clarifying

American Palywater studies confirm the variance
in friction coefficient with normal pressure We
have determined that the friction at low rormal
bearing force is a measure of hydrodynamic
{rictior, which is roughly proportionat to lubricant
viscosity (intemal ge! strength of the fubricant)

In contrast to the EPRI work, however, our
ressarch Indicates the conversion in friction to the
High SBP type occurs continuously and at bearing
pressuras much less than 220 Kg/M (150 lbs/ft}

Pulling Tests

Ona test Mustrating this “variable® fiiction
coefficiert involves pulling cabla through multiple,
consecutive 90° duct bends (a helix) The
incoming cable tension and fotal degrees of bend
can both be vared  From the pulling force
(measured with a load cell) required to move the
cable. we ¢an calculate a coefficlent of friction
using the puflling equations we studied earller

The graph below shows measured friction
coefficlants plotted against the tension on the cable
as It enters the condutt helix. For this graph, the
canduit was high density polyethlena with 540° of
bend The cable had e polyethylene Jacket.

|—o—'Pu‘ =t d _o__....,k,,_._,...__]

bl
a

R —.

=

Coefficient of Friction
0.1

5 10 1 20
Incoming Tenslon

To explain the graph, first you must know ihat
Polywater® J and Polyweter® F are two of
American Polywaters bhigh-performance cable
pulling lubdcants ("J” Is usually used for electrical
cable and *F" for fiber optic cable) They are
similar chemically, except that "J* is a gsl lubricant
(higher viscosity) and “F s a liquid

Design Analysis Variance Report ERDF Cells 7-10
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Where the lines converge an the above graph, and
the slope levels, the fow bearing pressure friction
has disappeared and the cable and lubricant are in
a high bearing pressure mode. By calculating the
sidewall-bearing pressures (defined as tension out
of the bend divided by bend radius) at the point of
convergence, we find that the change from Low
SBP friction to High SBP friction Is complete at 6
Kg/M bearing pressure

Becausa power cable's stiffness and resulting
“spring” tend to Increase conduit contact pressure,
power cable pulling ends up in the “high bearing
pressure" mode most of the time. Fleld-measured
tensions terid to support this conciusion

On the other hand, lighter, flexible cables (fiber
optic, efc ) often dermonstrate both types of friction
during pu'~~. This Is one reason why a fower
viscosity, d lubricant like Polywater® F is best
for the Installation of this type of cable

Puil-Plannes™ 2000 Has Friction Data Base

We've saen that coefficlent of friction varies with
cable jacket and condut type, and that i Is
necessary to use accurate coefficients to calculate
meaningfut pulling tensions

American Polywater's laboratory has developed
extensive friction data for different cable Jacket and
conduit types, at appropriate bearing pressures
This data Is in an internal data base in our Pull-
Planner™ 2000 for Windows™ Software

The Pul-Planner™ 2000 provides a convenient way
to calculate cable pulling tensions on a PC It
enables "what If” scenarios with cable, conduit, pull
length, COF, incoming tension, and more.
Lubricant quantities can be calculaied, and
calculations can be saved or printed out. The full
version of the planner runs In metric or english
units.

Pull-Planner™ 2000 Proview

A preview of the Full-Planner™ 2000 is available.
Use the internet to go to www Polywater com fo
preview or order the Pull-Planner’ ™ 2000.

Mor  wsnb ﬁi'n l.v\-—--- [N AR N CDl'ﬂ“ .,[Eo ha&

3 hY o inte reca
nstanawon Visn ana eave us your g-mai to siay
up-todate

Feel free to call or write us if you have questions or
would like to discuss friction measurement or
tenslon calculation. 1If you wish to view a 12-minute
video on Table Installation Engineering,” please
call and ask for our Customer Service Department.

Amasfean P O.Box 53

Stillwater MN 55082

& Corporution usa

Phone: 1-(651)430-2270
E-Mail: thaditori@polywater com

Fax: 1-{651)430-3634
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YABLE 5-1 Ardcumeer 1 (4 ed)

Sorfaces IS
Wood on wood 04 a2
+ Wood 00 wrt 200w 014 01
kxon ol 003
Mela) on metal (ubsicated) ols Qo7
on siodl 9 (1]
(unlabrioalod)
Rubbay o0 dry concrets 1o (1]
Rubiber on wel aomorrte: 07 [L]
Tellos on Leflon: fa aly 004 404
Tofton en steel in olt (7] 004
Lubricated badl <001 <001
$ynovial jolota 00} oM
{ia Moy Rwde)

* Valoas mre 2pproatsnns ssd oo Sutreded ouly w b guids

{0 the two surlacen, and the itude of the | foree, £y, which acts pespendio-
. nlar to the strfaces It Is not a vectos equation since the two forces ae parpeadicular

1o ons anothe The term py, 1s calked the cosfieiont of kinstle friction and Rts valus
. on the two surkaoas; measured values for 2 varety of surfaces e givon in
. Tabk $-1 These ase only approaimate however, since y depeads on whetbes 1he
# wridcos are wet or dry, on how much they have bem sandod ot robbed and if any
butrs remain.

‘What wo have been discussing up to now is kinetic ffiction, whea one bady
slides over mnothes . There is aleo -+~ <°~*'gn, which rofess (0 a forve paralid to
the two suzfaces thnt can atige evon: areno” "' -, Suppose su object such
23 & desk J cesting on & hordzootu noor u vo I . foroe is axaried on the
desk, there 8130 i3 no liction foron But now, suppose you tzy to push the'desk, but it
doesa't move; you are exeriing a horizontal force, but the desk isn’t moviog, so thers
must be another foce o the desk keeping it fom moviag {F,,, = 0). This Is the foree
of statie friction axexted by the floot on the desk I you pmab with a greater force
without paoving the desk, the foree of 3tatio friction ales hay ioaeesed: If you push
iard poo—-t <+ -k wlll flaally start 1o move Al e peolat, you have excedded
the maxds of static friction, wiich is given by Fp = uFu, where 4, i ihe
coufficlent of stane friction (Table 5-1). Sinco the foree of static Hiction varks from
2010 to thiy maximum valus, we can wilte

ﬁ; F, <pFy  [watic friction)

Yoo may have noticed that it is-often casiee to keep a heavy objet (like e desk)
mmlmn:hdn!nmodnsmlbﬂmphu This is a sefiection of the fact

lgi that a, Is almost aiwayx greater than s, . (Tt cen nover be lese Why?)
T
b1 A 10-kgbox n ol oo B - T mte
Fu » 040 and" “‘ndli 2 ithe
“ e om, Fep, & Y] 9"

nwonldmgdmdu(a)u.(b) 10N, () 20 N, () 33 N, a0d ()] 40N

i SOLUTION Figure 5-1 shows a free body diz of the bax In the vertical
B there is no motion, 30 Fy — g = 0 Henoe the notmal force for Al cas
3 Deleemining the farcs of staGe 8 Py = g = (10 kg)(9.8 m/s”) = 98 N. (6) No force is applied, the box dossz™t movs,
H frietion for varions wiagnitades and F,, = 0 (5) The force of static [riction will oppose any spplied foros up 10 a maxi-
ol ke apphicd tovee By mom of j Fy = (04038 N) = 392 N Theapplied forwo is F, = 10 N Thus the box

94 CHAF 3 DYNARICS Tk FEICTION, CIRCUTAR MOTION AND UTHER APPLICATIONS OF NERIONS LAWS
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Title:_ ERDF Leachate Cells 7-10 Drain Line Size Requireme

Calculated by:_Tony Benegas Date:_9-28-07
Checked by:___Geoff Barnes Date:_9-28-07

Calculation # _ BE CAL-0600->K-GUd.24-iv1-u1

1. Purpose

Verify that the existing 10” (HDPE SDR11) Gravity Drain Line has sufficient capacity for cells 7 and 9, (8 and 10
drain through South Line).

2. Acceptance Criteria

Maximum flow in the North and the South 10” gravity drain lines shall not be greater than 500 gpm in each drain
line. (Design Analysis BHI-00355, Rev 0, page C146).

3. Assumptions
Same assumptions used in ERDF Design Analysis BHI-00355, specifically:

3.1 All other factors except the maximum expected flow rates and pump capacities remain unchanged as listed
on page C146.
3.2 All pumps operating in automatic mode are pumping simultaneously (worst cases).

4. Boundary Conditions
4.1 Flow rate for ERDF Cells, (any one of cells 7, 8, 9, or 10), is 85 gpm minimum. However, to be
conservative, a flow rate of 140 gpm, which matches cells 5 and 6 (ERDF Cells 5-& 6 Design Analysis
Variance Report, CCN 117640), will be used for the primary high volume pumps and 15 gpm minimum
(BHI-00355) for the primary and secondary low volume pumps.
4.2 Total Flow Rate into North Drain line is 500 gpm.
4.3 Total Flow Rate into South Drain line is 500 gpm.

5. References
5.1 BHI-00355 Design Analysis Report, Rev. 00 Volume 1.
5.1.1  Leachate Piping calculation starting on page C145
5.2 ERDF Cells 5&6 Design Analysis Variance Report, CCN 117640.

6. Calculation Details
6.1 Calculate the leac lowsint North and South Headers after cells 7-10 are constructed.

The entire leachate network was reviewed for flow capacity. Per discussion with WCH 3-14-07, the worst case
scenario to review:

s Cells I & 2: continue high capacity pumps in manual operation mode. Always keep primary low capacity
and secondary pumps in automatic operation mode. Refer to DVAR for Cells 5 & 6 for switching Cells }
& 2 to manual. As calculated in the HELP model, leachate flows are greatly reduced once the cell is
covered with 35 fevel of waste and that the low volume pumps can easily manage leachate flows and high
capacity pumps are not required.

e  Cells 3 & 4: switch high capacity pumps to manual operation mode once waste is placed in Cells 7 & 8.
Always keep primary low capacity and secondary pumps in automatic operation mode.

e Cells 5 & 6: continue high capacity pumps in automatic mode until waste is placed in Cells 9 & 10, then
switch high capacity pumps to manual operation mode. Always keep primary low capacity and secondary
pumps in automatic operation mode.

s Cells 7 & 8: high capacity pumps ~ 140 gpm (85 gpm minimum required) and low capacity and secondary
pumps @ 15 gpm....same as previous cells. Always keep primary low capacity and secondary pumps in
automatic operation mode.
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Title:__ERDF Leachate Cells 7-10 Drain Line Size Requirg it

Calculated by:_Tony Beneg Date:_9-2§
Checked by:__C "~ larn¢ - Tate:_9-28-u/s

Calculation #__Br. LA L-06vu->1K-4u>24-M-U1

e Cells 9 & 10: high capacity pumps ~ 140 gpm (85 gpm minimum required) and low capacity and
secondary pumps @ 15 gpm....same as previous cells. Always keep primary low capacity and secondary
pumps in automatic operation mode.

The review showed that the overall network is below the 500 gpm capacity of the existing headers.

Refer to attachment 1, Excel spreadsheet, “Cells 7-10 Leachate Pump Sizes to Maintain 500 gpm or Less Flow in
existing Leachate Transmission Pipeline Headers”.

The velocity flow through the 10” header will be (assuming the 500 gpm in the referenced spreadsheet):
Fluid Velocity=Volumetric Flow/Pipe Area
Pipe Area = Pi*r*
Radius =Pipe Inner Diameter/2
Pipe Inner Diameter (ID) = Outer Diameter — (2 x wall thickness)
Outer Diameter = 10.75”
Wall Thick  =0.977" (SDR 11)
Pipe ID =10.75-2x 0.977 =8.79
=3.14*(8.79/2)*= 60.74 square inches or 0.42 square feet.

Volumetric Flow
=500 gallons/min * 1 cubic feet/7.48 gallons= 66.84 cubic feet/min

Fluid Velocity = 66.84 cubic feet/min/0.42 square feet = 159.14 feet/min or 2.65 feet/second
7. Conclusions

The existing North and South gravity drain 10” headers have sufficient capacity to handle the leachate flows from
cells 7-10. Refer to Calculation 0600-SR-G0524-M-02.
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Title:__ ERDF Leachate Cells 7-10 Capacity of 10” Gravity Drain Line with » Slope

Calculated by:__Tony Benegas Date:_9-28-07
Checked by: Geoff Barnes Date:_9-28-07

Calculation #___BE CAL-0600-SR-G0524-M-02

1. Purposx-e

Determine if the 0.3% slope of the 10” gravity drain line header between the cells (invert elevations for cells 7 & 9 -manholes 30 and 32) will be sufficient to
allow gravity draining to-the leachate tanks. This same analysis applies to South line (Cells 8 & 10 - Manholes 31 and 33). Refer to drawings 0600X-DD-M0022,
“Environmental Restoration Disposal Facility Cells 7-10 Piping Details” and 0600X-DD-M0023, “Environmental Restoration Disposal Facility Cells 7-10
Mechanical Schedules” for clarification.

2. Acceptance Criteria

Given:
o - The as-built dimensions for the manholes for cells 5 and 6 (inlet elevations or invert elevation)
e The required slope of 0.3% is the minimum per the Design Analysis (BHI-00355, Rev 0). Pipeline slopes between cells was 0.6% previously.
e The Distances to the crest pads and manholes 30 and 32, ~100 feet.
»  Ground level elevation at Crest pads for cells 7 and 9 is 732.80 feet (Crest Pad interior floor level - minimum). Reference Civil Drawing 0600X-DD-

€0293, Crest Pad Plan and Elevations.
®  Minimum 3.5 feet cover over the pipeline is preferred.

(o S }
Mauuuies 30 and 31 inlet elevations preferred to be 3.5° below the ground elevation.
Crest pad at ground level elevation.

3. Assumptions
3.1 Same assumptions set forth in Design Report BHI-00355.

4.  Boundary Conditions
4.1 At this point forward it is understood that wh hole 28 is mentioned then the results are identical for manhole 29. Similarly manholes 30 and
31 are identical as are the results for manholes 32 and 33.
4.2 As Built Invert Elevation of drain line into manhole 28 is 722.57.
4.3 Distance between manholes 28 & 30 and 30 & 32, center to center di jon, is 500°. Refi 0600X-DD-C0294 and 0600X-DD-C0295.
4.4 Manhole 28 and 29 is 7’ in Diameter. Manholes 30 and 32 are 10’ in diameter.
4.5 Invert Elevation Distance from Manhole 28 to 30 is 491.5’. Between manhole 30 and 32 is 490°, See Figure 1.
4.6 Distance from manhole to crest pads - 100°.

7 1 r
————491.5 I_/\O_l 490- [

|/
o NI 50

MH 28 MH 30 MH 32

Figure |, Distance from Invert Elevations as measured between manholes

5. References
5.1 BHI!-00355 Design Analysis Report, Rev. 00 Volume 1, page C150

6.  Calculation Details

6.1 Invert Elevations at manhole 30 and 32 based on Manhole 28 (Identical for 3] and 33 and manhole 29).
As-Built Invert inlet elevation of manhole 28 is 722.57 ft.

Distance to Manhole 30 is 491.5 ft (Invert Elevation distance, see figure 1).

Required Slope =0.3% (Design Analysis BHI-00355, Rev. 0, page C146)
Elevation Change = Distance between manholes X required slope =491.5 ft x 0.003 = 1.47 ft.

Required outlet Invert Elevation at Manhole 30 (minimum), (refer to drawings 0600X-DD-M0022, “Environmental Restoration Disposal Facility Cells 7-10
Piping Details” and 0600X-DD-M0023, “Environmental Restoration Disposal Facility Cells 7-10 Mechanical Schedules” for clarification):
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Calculated by:___Tony Benegas __Date:_9-28-07
Checked by: Geoff Barnes Date:_ 9-28-07

Calculation BE ( 1600-S $2

= InJet Invert Elevation at Manhole 28 + Elevation Change =722.57 ft + 1.47 ft = 724.04

Manhole 30 internal elevation change
Manhole 30 change in Invert Elevation, outlet to inlet, via the 10” diameter manhole
=Manhole Diameter x slope= 10’ x 0.003= 0.03’=Manhole 30 internal clevation change

Manhole 30 Inlet Invert Elevation = Outlet Invert Elevation at Manhole 30 + Internal Elevation Change
=724.04 ft + 0.03 ft = 724.07

Required Outlet Invert Elevation at Manhole 32 (minimum), (refer to drawings 0600X-DD-M0022, “Environmental Restoration Disposal Facility Cells 7-10
Piping Details” and 0600X-DD-M0023, “Environmental Restoration Disposal Facility Cells 7-10 Mechanical Schedules” for clarification):

Distance to Manhole 32 is 490 ft (Invert Elevation distance, see figure ).
Required Slope =0.3% (Design Analysis BHI-00355, Rev. 0, page C146)
Elevation Change = Distance between manholes x required slope = 490 ft x 0.003 = 1.47 ft.

= Inlet lnvert Elevation at Manhole 30 + Elevation Change =724.07 ft + 1.47 fi = 725.54

6.2 Elevation of 30 and 32 manhole side inlet based on required 2% drain slope from crest pad elevation for cells 7 & 9, (1dentical for Manholes 31 and 33 for
crest pads for cells 8 & 10).

Elevation of Crest pads; 732.8 feet -refer to drawing 0600X-DD-C0293
Distance to Crest pad from manholes ~ 100ft. '
Required minimum slope = 2%

Elevation required at manhole =Elevation of Crest Pad - Required slope x Distance between manhole and crest pad.

Crest Pad 7 (to Manhole 30):
Crest Pad Elevation = 732.8 feet

Desired soil coverage = 3.5 feet
Starting elevation at Crest Pad 7= 732.8 - 3.5=729.3 feet

Elevation required at Manhole 30:
=T7293f-002x100 ft =727.3

Crest ) (to M3 32):

Elevation required at Manhole 32:
=7293 f-0.02x 100 ft=7273

Side Inlet Elevation maximums = 727.3 for manholes 30 and 32 for the 2% draining requirement and given crest pad elevation.
Manhole 30 and 32 Top elevations are 730.3 feet. However, proposed soil elevation around manholes is 729.4 feet.

Minimum Side inlet elevations for manholes 30 and 32—729 4 feet — preferred soil coverage (3.5")
=729.4 feet — 3.5 feet = 725.9 feet

refore, the maximum side inlet clevation for Manholes 30 and 32 is 725.9 fect

Proposed elevation of side inlet clevations is 724.28 (manholes 30 and 31) and 725.54 (manholes 32 and 33). This elevation is based on a straight line
consideration from hole 28 to hole 31 at the 0.3% required slope. Proposed elevations meet or are under the required maximum clevations and are
acceptable for use. The slope for these elevations will be:

={729.3 (Crest Pads Max Allowable Elev.)-725.54 (Proposed Side Inlet Elev. for manhole 32/33)}/100 feet

=3.76%

3.76% exceeds the 2% requirement.
Velocity considerations are covered in Calculation 0600-SR-G0524-M-01.
7. Conclusions

The ground elevations at the crest pad and manholes locations are, respectively, 730.3 feet and 732.80 feet (Crest pad building floor). Refer to drawing 0600X-
DD-C0293. Therefore, the manholes and crest pads will gravity drain and the desired soil cover of 3.5 feet will be achieved at their respective locations.
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Title:_ ~"DF Leachate Cells 7-10 Pump Head Reguirement

Calculated by:_Tony Benegas Date:_9-28-07
Checked by: nes Date:_9-28-07
Calculation i 06 A

1. Purpose

Determine pump head requirements for ERDF Cells 7-10
2. Acceptance Criteria
Pump head must be determined.

3. Assumptions
3.1 Same assumptions used in ERDF Cells 5 & 6 Design Analysis Variance Report. Specifically, the
requirements and dimensions outlined in 0600X-CA-MO0001, page 3 of 5.
3.2 ERDF Cells 7, 8, 9 &10 are identical.
3.3 Per the HELP model, the minimum flow rate is 85 gpm.

4. Boundary Conditions
4.1 Minimum pump flow rate is 85 gpm, 20% contingency ~100 gpm. However 170 gpm is used as a 140 gpm
flow rate was originally established for cells 5&6 and cells 8-10 are similar. In addition, the secondary
pumps may also be active so an additional 30 gpm is added to the original 140 gpm value, (15 gpm for the
low capacity primary and 15 gpm from the secondary). Therefore, 170 gpm is the most conservative value
to be used to establish a head loss,

5. References

5.1 ERDF Cells 5 & 6 Design Analysis Variance Report

5.1.1  ERDF Cell 5&6 Calc # 0600X-CA-M0001, High Flow Leachate Pump Sizing Calculation

6. Calculation Details
Sump Inlet Elevation for Cells 7&8:
Sump Elevation for Cells 7 & 8 is 640 ft
Cell 7 & 8 Sump Pump inlet elevation is approximately 5-6” above sump Floor. Reference 0600X-DD-C0289
Therefore Cell 7&8 Sump .  p Inle  ‘wvation is approximately = 640 ft + 0.5° (6”) = 640.5 ft.
Crest pad Primary Piping inlet is at approximately:
Crest Pad floor ~ 730 ft, Reference 0 -DD-M0017
High Capacity Primary Line is 2.5 feet above crest pad floor, Reference 0600X-DD-M0027.
Crest pad primary piping elevation inlet = Crest pad Floor elevation + High Capacity Primary Line height
=730t +2.5fi
=7325 ft.
Head loss from elevation difference:
=Crest Pad Piping-Sump Inlet elevation
=732.5-640.5
=92 ft

Head Loss from piping run:
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Title:ERDF Cells 7-10 Crest Building, Fault, L.oad,
YV * geDrop, Conduit Fill ___
Calculatea oy:__RE Merrima  ate: September 28, 2007
Checked by: ___TR Benegas Date: Septem”™ 28, 2007
Calculation: #0600X-CA-F~"~
Calculation No. 1:
Subject: Fault Current Availability; Substation No. 1 & 2
Purpose: Equipment, circuit breakers-fuses-disconnect switches, must be rated equal to '
or greater than the available fault current or the protective device may not perform its
safety function, which is to de-energize a circuit.
Assumption: Equipment today is rated at a minimum of 10,000 Amps @ 480 V.
Background: Calculating only transformer impedance fault current is a conservative
approach, because other limiting impedance factors, not included in the calculation,
(utility, cables, etc.) would further limit the current.
Calculation: Transformers 1& 2 are both 300 kVA (361 Amp @ 480 V, 3 ph) Z=4.5%
(Std.).
Isc =Irc x 100/ %Z Source: Cutler Hammer Consulting
Application Cat. (P. A-30).
=361 x 100/4.5
= 8,019 Amps Available at secondary of transformer.
Conclusion: The available fault current (8 kA) is lower than the equipment rating (10
kA); therefore the equipment is protected.
Subject: Load Calculation for Crest Pad Buildings.
Purpose: Det.  ne amperage load to size equipment and conductors.
Assumption: 1 HP =1kVA, Power Factor = 90%, hence; kW = 0.9 kVA.
Background: The design for cells 5 & 6 was a starting point. However, loads were
refigured for loads shown on the Cell 7-10 drawings.
Ref Dwgs.: MCC One-Line Diagram, 0600X-DD-E0114 and
Electrical Schedules, 0600X-DD-E0117.
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Calc
Che:
Calc

b

=

er-*-r 28, 2007

Se  mber 28, 2007

=43V

(x100/480) = 0.9 %

TOTAL Vp = 4.4%

Conclusion: The Feeder Vp is 0.5 % over the recommended NEC limit; the
Branch Circuit is 2.1 % below the limit; the total Vp is 0.6 % below the 5 %
recommendation. No Diversity of loads was taken which would further lower the
Vp. The value will not limit the system operation and is satisfactory as designed.

. Sub. #2 (New) to Cell 9:

1. MDP #2 to Loop Feed EncL(LFE)#7: Vp=60 A x 500°/100 x 0.027
#1 AWG)

=81V
(x100/480) = 1.7 %
2. LFE #7to LFE #9: Vb= 30 A x 500°/100 x 0.027
(#1 AWG)
=41V
(x100/480) = 0.8 %
3. LFE # 9 to MCC-T9: Vp= 30 A x 10077100 x 0.0333
(#2 AWG)
=10V
(x100/480  1.2%
FEEDER Vp= (1.4243) = 27%
BRANCH CIRCUIT (Same as Cell 10) = 09%
TOTAL Vp = 36%

Conclusion: The feeder and total Vp are below the NEC recommended limits of 5 %.
No diversity of loads was taken which would further lower the Vp. The value will not
limit the system operation and is satisfactory as designed,
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Title; ERDF Cells 7-10 Crest Building, Fault, Load,
Voltage D -0
Calculated by:__ 1S ab "7, 2007
Checked by: 2 I% BPTHTEAD dJate: oegtemwr’ls, 2002
Calculation: #0600X-CA-E001
Calculation No. 4:
Subject: Conduit Fill by Conductors.
Purpose: Demonstrate that the conductors specified will fit in the conduit allowable
space, typically 40 %.
Assumption: If the cable fits per NEC ANNEX C, Table C10, it is acceptable.
Otherwise, calculations can be performed to demonstrate the fit.
Background: Circuits often have wires of different sizes. Two circuits need
calculations:
1) Firstis 3- 250 kemil, 1-#2 GRD in an existing 2” PVC, Sch. 40 conduit. This
power circuit is selected sections between Substation #1 and Cell 8.
2) Second is the I & C wires in existing 2” PVC, Sch. 40 conduit. This circuit is
selected sections between the Leachate Bld’g and Cells 7 & 8.
Calculation 1):
1) 3-250 kemil, 1-#2 GRD, Type XHHW, 2” PVC, Sch. 40:
Conductor Area # Total Area
#2  0.1146in* 1 0.1146 in’ PER NEC Chap. 9, Table 5
#250 0.3904in” 3 1.1712 in?
Total Conductor Area = 1.2858 in’
2” PVC, Sch. 40 = 1316in’ Allowable 40 % Fill, NEC
Chap. 9, Table 4
Conclusion 1): The conduit allowable area is greater that the wire area. Therefore, it is
acceptable.
Calculation 2):
2) EachI & C conductor bundle consist of 11 - # 12 Type XHHW (or smaller
THWN) wire and 1-4 Pr 2-#16 TW/SH cable (0.D. = 0.516” IS/OS Anixter
Cat. P. 9-181) or (3-2 Pr 2-#16 Tw/ Sh cable- less area).
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Title:ERDF Cells 7-10 Cre<t Ruilding, Fault, Load,
i e Drop, Cond il
Calcuiaweu vy:_ RE Merriman _Datq 28, 2007
Checked by: TR Benegas Irare: d>epremper 28, 2007
Calculation: #0600X-CA-E001
The most confining conduit run are 2” PVC
with an existing Bundle of I & C wires.
Will another Bundle fit in the same conduit?
2” PVC, 40% Fill = 1.316 in> Conduit Usable Area, 40%.
#12 XHHW wire = 0.0181 in* x 22 wires = 0.398 in’
4 Pr Cable = 0.209 in* x 2 cables = 0.418in’
[A=nd%4=3.14x0.516%4 = 209in’]
Cable Area (2 Bundles) = 0.816 in® (25% fill)
Conclusion 2): Two Bundles of I & C cable area is less than the 40% fill of 2” PVC
conduit; therefore, two I & C cable bundles will fit in an existing 2’ conduit.
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