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1.0 Project Description 
The facility is located at 37.53281667, -120.9969222 at 7251 Crows Landing Road, 
Ceres CA.  The facility is proposing to construct a new wastewater storage pond 
that is to be lined to meet RWQCB requirements for the proposed expansion of the 
facility. 
 
A site plan has been provided in Appendix A. 

2.0 Project Summary 
 Pond Dimensions 

o 375’ w. x 500’ l. 
o 15’-0” total depth – 10’-0” above grade – 5’-0” below grade 
o 3:1 inside embankment slope 
o 2:1 outside embankment slope 

 Pond Lining Requirements 
o Soils compacted to 90% standard proctor density 
o 60-mil HDPE 
o Gas vent strips @ max. 50’-0” o.c. 
o Min. 18” w. x 18” dp. anchor trench 
o All pipe inlets/outlets to have HDPE boots 

 Pre-construction meeting to be held before work begins 
o See section 6.0 of this report for those who must attend 

 Construction 
o Procedures as specified in Appendix D 
o Compaction and liner testing as specified in Appendix D 

 Post Construction 
o As-built survey and construction drawings 
o Testing result reports 

3.0 Pond Design & Layout 
The facility will be lining one earthen pond with 60-mil HDPE to meet RWQCB 
requirements. 
 
The new storage pond on the facility will be 375’ wide by 500’ long by 15’ deep 
with 3:1 embankment inside slopes.  Of the 15’-0” depth, only 5’-0” will be below 
existing grade.  Once the excavation and construction of the embankments have 
been completed, the embankments will be compaction tested and any areas not 
meeting 90% standard proctor density will be re-compacted.  Gas vent strips will 
then be installed at a maximum spacing of 50’ o.c.  Then a 60-mil HDPE liner will 
be installed in accordance with the manufacturer’s specifications and the 
requirements of the RWQCB. 
 
Pond drawings and details have been provided in Appendix B. 
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4.0 Site Investigations 
Soil data was obtained from the USDA-NRCS soil survey for the area.  This data 
shows that the soils in the area of the pond are Dinuba sandy loam and Tujunga 
loamy sand.  The Dinuba soil contains an average of 14% clay and is classified as a 
hydrologic group C.  The Tujunga soil contains an average of 5% clay and is 
classified as a hydrologic group A.  The soil information has been provided in 
Appendix C. 
 
No geotechnical investigation has been conducted as this time. 

5.0 Design Seepage & Specifications 
The pond will be lined with a 60-mil HDPE liner that is UV protected and 
warranted for 15 years.  The liner material will have a service life of at least 20 
years.  The liner and installation specifications have been fully explained in 
Appendix D.  The liner manufacturer’s specifications for the lining material, gas 
vent material, example warranty, recommended installation procedures, and 
example test methods shown in pages 4-9 of the manufacturer’s Installation Quality 
Assurance Manual and quality assurance forms have all been provided in Appendix 
F. 
 
Pond Seepage Estimate 
The seepage rate of most geosynthetic liners ranges from 1x10-13 m/s to 1x10-15 m/s.  
Calculations are conducted in accordance with USBR Report DS-13(20)-13, 
Chapter 20. 
 
Storage Pond Seepage 
Seepage rate = 1x10-13 m/s = 3.28x10-13 ft/s 
Maximum water depth = 13’ 
Time = 365 days = 31,536,000 s 
Area = 183,259 sq.ft. 
Seepage = 183,259 * 13 * 31,536,000 * 3.28x10-13 = 24.6 ft3/yr 
 
Liner Defect Seepage 
Area of hole = 0.00001 m2 
Head = 3.96 m 
k = 1x10-8 m/s 
# of defects/acre = 1 
Total # of defects = 4 
Seepage = 0.21*(area of hole)0.1*(head)0.9*k0.74 = 2.76x10-8 m3/s/defect * 4 defects 
= 123 ft3/yr (for good contact) 
 
The entire liner surface is in contact with the subgrade soil except in the areas of gas 
vents.  However, the gas vents themselves are made of semi-impermeable material 
at the base and an impermeable material at the liner face (top) to allow gases to 
enter the venting system, but not pass through and be trapped under the liner.  The 
venting system is in direct contact with the soil subgrade.  The presence of a gas 
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venting system has no significant affect on the liner seepage rate even in areas of 
liner defects.  If anything, there will actually be less seepage in the areas of gas 
vents then in areas without since it is one more layer of synthetic type material that 
effluent would have to pass through. 
 
The total seepage for the liner system is estimated to be 147.6 ft3/yr which is 
negligible considering the pond was designed to contain a total of 13,450,528 
gallons of effluent each year including dead loss storage.  This seepage rate does not 
take into account the additional reduction in seepage that will occur due to the soil 
subgrade itself and is an overestimate of seepage since the calculations assume the 
ponds are at maximum capacity for the entire year, which is not true in any dairy 
containment system. 
 
Gas Venting 
Gases emitted from organic materials and fluctuations in groundwater levels in the 
soil below the pond will be captured by 6 oz/yd3 FabriNet Geocomposite strips 
located below the pond lining material.  These strips will facilitate the movement of 
gases to 12” square vents that will be placed as shown in the pond design sheets 
located in Appendix B. 
 
Anchor Trench 
The anchor trench for the HDPE liner will be constructed in accordance with 
USDA-NRCS specifications for pond sealing and lining.  Their criteria require a 
minimum of a 1.5’x1.5’ anchor trench.  This is what will be used by the facility. 
 
Subgrade 
The bottom and embankments of the ponds will be compacted using heavy 
equipment and moisture conditioning to a minimum of 90% maximum proctor 
density throughout.  All organics, gravel, rock, and other material that would be 
potentially hazardous to the HDPE liner material have been removed.  Above grade 
pond surfaces will be compaction tested at each 1 foot increment of embankment 
height during the construction process at a frequency of 1 test/300 lineal feet of 
length. 
  
Pipe Inlets/Outlets 
All pipeline inlets and outlets through the pond embankments & liner will be sealed 
using HDPE “boots” that are welded to the liner material.  HDPE “boots” are to 
have stainless steel bands around the pipes.  A pipe inlet detail has been provided in 
Appendix B. 
 
Concrete 
All concrete will be minimum 2500 psi with all joints sealed using PVC waterstop 
or volclay sealer and have sealed contraction joints at 15’ o.c.  Concrete to have a 
min. 1-1/2 lbs/yd3 of fiber mesh reinforcement. 
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Soil Cover 
A soil cover will not be required for the ponds.  Liner material is UV protected and 
does not require protection and all cleaning will be done hydraulically.  No 
equipment will be allowed inside the pond on the liner surface. 

 
Maintenance 

 Routine lubrication and maintenance of all mechanical components, 
including valves 

 Repair of leaks, slope failures, embankment settling, eroded banks, and 
management of burrowing animals 

 Routine pond inspections, at least once/week and after major storm events 

6.0 Pre-Construction 
Prior to the commencement of pond construction, a pre-construction meeting 
between EAC Engineering, the excavation company, D&E Construction (lining 
company), and the Trinkler family will be conducted.  The purpose of the meeting is 
to insure that all parties have reviewed and understand requirements of the pond 
construction and the steps necessary to complete the project as designed. 
 
Construction schedule 
1. Begin construction upon RWQCB Pond Construction Work Plan approval 
2. Earth work, compaction, & survey – approximately 12 weeks to complete 
3. Pond liner installation – approximately 3 weeks to complete 
4. Liner testing – approximately 2 weeks for testing and repairs 
5. Final Pond Certification 
 
Key Personnel 
1. Property Owner 

a. Wendel Trinkler (209) 537-9883 
2. Professional Engineer 

a. Michael C. Mitchell – EAC Engineering, Inc. (209) 664-1067 
3. Excavation Company 

a. To be determined 
4. Liner Installation 

a. D & E Construction, Inc (559) 732-1601 
5. Liner Testing 

a. Leak Location Services, Inc. (210) 408-1241 

7.0 Post-Construction 
Upon the completion of the pond lining, a leak location survey conducted in 
accordance with ASTM D-7002 will be completed by Leak Location Services, Inc. 
out of San Antonio, TX under the direction of EAC Engineering, Inc.  Any 
deficiencies encountered from the survey will be repaired prior to final certification 
by the engineer. 
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Once the construction of the ponds has been completed, a Quality Control and 
Assurance Report (Pond Certification) will be prepared, stamped, and signed by the 
Michael C. Mitchell of EAC Engineering, Inc. and submitted to the RWQCB.  This 
report will include an as-built survey/drawing of the ponds. 

8.0 Groundwater Levels 
Hydrographs of near by wells that have been monitored and recorded by the 
California Department of Water Resources have been provided in Appendix E.  
Two wells in the area had data from sampling events within the last 20 years.  
CDWR well 05S09E04C001M is located approximately 3/4-mile to the east of the 
proposed pond location.  This well has an approximate natural ground elevation of 
65.0’.  Information gathered from this well since 1987 shows that the average 
groundwater depth is 15.2’.  CDWR well 05S09E09AC001M is located 
approximately 1.3-mile to the southeast of the proposed pond location.  This well 
has an approximate natural ground elevation of 65.0’.  Information gathered from 
this well since 1960 shows that the average groundwater depth is 10.7’. 
 
In addition, a copy of the 2010 Lines of Equal Depth to Water (LEDW) map 
produced by CDWR shows that the facility is located between the 10’ and 20’ 
contour lines.  This map also shows that the groundwater flows from east to west 
across the site towards the San Joaquin River. 
 
Based on the sampled wells in the area, an on-site backhoe pit, and the analysis of 
the CDWR LEDW map, it is anticipated that the max. groundwater depth will be 
10’ below grade on the site.  The groundwater surface in relation to the bottom of 
the pond has been shown on the pond drawings provided in Appendix B. 

9.0 Flood Zone 
The proposed storage pond will be located within a Zone X.  A copy of the available 
FEMA map has been provided in Appendix G. 

10.0 Groundwater Contingency 
As part of the project to protect groundwater, a tile drain around the perimeter will 
be installed at a depth of 2’ below the bottom of the pond and liner.  The tile drain 
will daylight into an 18” diameter standpipe in the northwest corner of the pond.  
The standpipe shall extend a minimum of 12” above the surrounding grade and 
project into the ground a minimum of 12” below the tile drain.  This standpipe will 
serve two functions.  First it will allow the groundwater depth in the area of the 
pond to be observed.  Second, if groundwater is observed in the standpipe, it will act 
as a pump “pit” so that the groundwater can be pumped in order to maintain a level 
that is a minimum of 24” below the bottom of the pond and liner.  Any water that is 
pumped will be pumped through a line that is connected to the cropland wastewater 
distribution system.  This will allow the water to be distributed onto any of the fields 
owned by the operation. 
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Soil Map—Eastern Stanislaus Area, California

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

3/4/2015
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Eastern Stanislaus Area, California
Survey Area Data:  Version 9, Sep 18, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  May 12, 2010—Mar
11, 2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Map Unit Legend

Eastern Stanislaus Area, California (CA644)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

DrA Dinuba sandy loam, 0 to 1
percent slopes

31.7 30.4%

HfA Hilmar loamy sand, 0 to 1
percent

16.1 15.4%

TuA Tujunga loamy sand, 0 to 3
percent slopes

56.6 54.2%

Totals for Area of Interest 104.5 100.0%

Soil Map—Eastern Stanislaus Area, California

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Chemical Soil Properties

This table shows estimates of some chemical characteristics and features that
affect soil behavior. These estimates are given for the layers of each soil in the
survey area. The estimates are based on field observations and on test data for
these and similar soils.

Depth to the upper and lower boundaries of each layer is indicated.

Cation-exchange capacity is the total amount of extractable cations that can be held
by the soil, expressed in terms of milliequivalents per 100 grams of soil at neutrality
(pH 7.0) or at some other stated pH value. Soils having a low cation-exchange
capacity hold fewer cations and may require more frequent applications of fertilizer
than soils having a high cation-exchange capacity. The ability to retain cations
reduces the hazard of ground-water pollution.

Effective cation-exchange capacity refers to the sum of extractable cations plus
aluminum expressed in terms of milliequivalents per 100 grams of soil. It is
determined for soils that have pH of less than 5.5.

Soil reaction is a measure of acidity or alkalinity. It is important in selecting crops
and other plants, in evaluating soil amendments for fertility and stabilization, and in
determining the risk of corrosion.

Calcium carbonate equivalent is the percent of carbonates, by weight, in the fraction
of the soil less than 2 millimeters in size. The availability of plant nutrients is
influenced by the amount of carbonates in the soil.

Gypsum is expressed as a percent, by weight, of hydrated calcium sulfates in the
fraction of the soil less than 20 millimeters in size. Gypsum is partially soluble in
water. Soils that have a high content of gypsum may collapse if the gypsum is
removed by percolating water.

Salinity is a measure of soluble salts in the soil at saturation. It is expressed as the
electrical conductivity of the saturation extract, in millimhos per centimeter at 25
degrees C. Estimates are based on field and laboratory measurements at
representative sites of nonirrigated soils. The salinity of irrigated soils is affected
by the quality of the irrigation water and by the frequency of water application.
Hence, the salinity of soils in individual fields can differ greatly from the value given
in the table. Salinity affects the suitability of a soil for crop production, the stability
of soil if used as construction material, and the potential of the soil to corrode metal
and concrete.

Sodium adsorption ratio (SAR) is a measure of the amount of sodium (Na) relative
to calcium (Ca) and magnesium (Mg) in the water extract from saturated soil paste.
It is the ratio of the Na concentration divided by the square root of one-half of the
Ca + Mg concentration. Soils that have SAR values of 13 or more may be
characterized by an increased dispersion of organic matter and clay particles,
reduced saturated hydraulic conductivity and aeration, and a general degradation
of soil structure.

Chemical Soil Properties---Eastern Stanislaus Area, California
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Report—Chemical Soil Properties

Chemical Soil Properties–Eastern Stanislaus Area, California

Map symbol and soil name Depth Cation-
exchange
capacity

Effective
cation-

exchange
capacity

Soil reaction Calcium
carbonate

Gypsum Salinity Sodium
adsorption

ratio

In meq/100g meq/100g pH Pct Pct mmhos/cm

DrA—Dinuba sandy loam, 0 to 1
percent slopes

Dinuba 0-10 3.8-8.1 — 6.6-7.8 0 0 0 0

10-30 5.1-9.6 — 6.6-7.8 0 0 0 0

30-60 5.1-9.1 — 7.9-8.4 0 0 0.0-4.0 0

HfA—Hilmar loamy sand, 0 to 1
percent

Hilmar 0-7 0.1-5.4 — 7.3-7.8 0 0 0 0

7-21 0.1-5.4 — 7.3-7.8 0 0 0 0

21-29 2.6-5.4 — 7.8-8.4 0-5 0 0.0-2.0 0

29-60 4.1-7.6 — 8.4-9.6 0-5 0 2.0-8.0 0

TuA—Tujunga loamy sand, 0 to 3
percent slopes

Tujunga 0-10 0.1-4.2 — 6.1-7.3 0 0 0 0

10-60 0.1-4.0 — 6.1-7.8 0 0 0 0

Data Source Information

Soil Survey Area:  Eastern Stanislaus Area, California
Survey Area Data:  Version 9, Sep 18, 2014
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Engineering Properties

This table gives the engineering classifications and the range of engineering
properties for the layers of each soil in the survey area.

Hydrologic soil group is a group of soils having similar runoff potential under similar
storm and cover conditions. The criteria for determining Hydrologic soil group is
found in the National Engineering Handbook, Chapter 7 issued May 2007(http://
directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17757.wba).
Listing HSGs by soil map unit component and not by soil series is a new concept
for the engineers. Past engineering references contained lists of HSGs by soil
series. Soil series are continually being defined and redefined, and the list of soil
series names changes so frequently as to make the task of maintaining a single
national list virtually impossible. Therefore, the criteria is now used to calculate the
HSG using the component soil properties and no such national series lists will be
maintained. All such references are obsolete and their use should be discontinued.
Soil properties that influence runoff potential are those that influence the minimum
rate of infiltration for a bare soil after prolonged wetting and when not frozen. These
properties are depth to a seasonal high water table, saturated hydraulic conductivity
after prolonged wetting, and depth to a layer with a very slow water transmission
rate. Changes in soil properties caused by land management or climate changes
also cause the hydrologic soil group to change. The influence of ground cover is
treated independently. There are four hydrologic soil groups, A, B, C, and D, and
three dual groups, A/D, B/D, and C/D. In the dual groups, the first letter is for drained
areas and the second letter is for undrained areas.

The four hydrologic soil groups are described in the following paragraphs:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

Depth to the upper and lower boundaries of each layer is indicated.

Engineering Properties---Eastern Stanislaus Area, California
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Texture is given in the standard terms used by the U.S. Department of Agriculture.
These terms are defined according to percentages of sand, silt, and clay in the
fraction of the soil that is less than 2 millimeters in diameter. "Loam," for example,
is soil that is 7 to 27 percent clay, 28 to 50 percent silt, and less than 52 percent
sand. If the content of particles coarser than sand is 15 percent or more, an
appropriate modifier is added, for example, "gravelly."

Classification of the soils is determined according to the Unified soil classification
system (ASTM, 2005) and the system adopted by the American Association of
State Highway and Transportation Officials (AASHTO, 2004).

The Unified system classifies soils according to properties that affect their use as
construction material. Soils are classified according to particle-size distribution of
the fraction less than 3 inches in diameter and according to plasticity index, liquid
limit, and organic matter content. Sandy and gravelly soils are identified as GW,
GP, GM, GC, SW, SP, SM, and SC; silty and clayey soils as ML, CL, OL, MH, CH,
and OH; and highly organic soils as PT. Soils exhibiting engineering properties of
two groups can have a dual classification, for example, CL-ML.

The AASHTO system classifies soils according to those properties that affect
roadway construction and maintenance. In this system, the fraction of a mineral soil
that is less than 3 inches in diameter is classified in one of seven groups from A-1
through A-7 on the basis of particle-size distribution, liquid limit, and plasticity index.
Soils in group A-1 are coarse grained and low in content of fines (silt and clay). At
the other extreme, soils in group A-7 are fine grained. Highly organic soils are
classified in group A-8 on the basis of visual inspection.

If laboratory data are available, the A-1, A-2, and A-7 groups are further classified
as A-1-a, A-1-b, A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, or A-7-6. As an additional
refinement, the suitability of a soil as subgrade material can be indicated by a group
index number. Group index numbers range from 0 for the best subgrade material
to 20 or higher for the poorest.

Rock fragments larger than 10 inches in diameter and 3 to 10 inches in diameter
are indicated as a percentage of the total soil on a dry-weight basis. The
percentages are estimates determined mainly by converting volume percentage in
the field to weight percentage.

Percentage (of soil particles) passing designated sieves is the percentage of the
soil fraction less than 3 inches in diameter based on an ovendry weight. The sieves,
numbers 4, 10, 40, and 200 (USA Standard Series), have openings of 4.76, 2.00,
0.420, and 0.074 millimeters, respectively. Estimates are based on laboratory tests
of soils sampled in the survey area and in nearby areas and on estimates made in
the field.

Liquid limit and plasticity index (Atterberg limits) indicate the plasticity
characteristics of a soil. The estimates are based on test data from the survey area
or from nearby areas and on field examination.

References:

American Association of State Highway and Transportation Officials (AASHTO).
2004. Standard specifications for transportation materials and methods of sampling
and testing. 24th edition.

American Society for Testing and Materials (ASTM). 2005. Standard classification
of soils for engineering purposes. ASTM Standard D2487-00.
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Report—Engineering Properties

Absence of an entry indicates that the data were not estimated. The asterisk '*' denotes the representative texture; other
possible textures follow the dash. The criteria for determining the hydrologic soil group for individual soil components is found
in the National Engineering Handbook, Chapter 7 issued May 2007(http://directives.sc.egov.usda.gov/
OpenNonWebContent.aspx?content=17757.wba).

Engineering Properties–Eastern Stanislaus Area, California

Map unit symbol and
soil name

Pct. of
map
unit

Hydrolo
gic

group

Depth USDA texture Classification Fragments Percentage passing sieve number— Liquid
limit

Plasticit
y index

Unified AASHTO >10
inches

3-10
inches

4 10 40 200

In Pct Pct Pct

DrA—Dinuba sandy
loam, 0 to 1 percent
slopes

Dinuba 85 C 0-10 Sandy loam SM A-4 0 0 100 95-100 70-82 35-45 19-28 3-10

10-30 Sandy loam, fine
sandy loam

SM A-4 0 0 100 95-100 69-81 33-43 20-30 6-12

30-60 Very fine sand, silt
loam

ML, SM A-4 0 0 100 96-100 91-100 74-85 20-29 6-12

HfA—Hilmar loamy
sand, 0 to 1 percent

Hilmar 85 C 0-7 Loamy sand SM A-2 0 0 100 100 74-84 25-35 0-24 NP-6

7-21 Sand, loamy sand SM, SP-
SM

A-2 0 0 100 100 72-82 5-15 0-23 NP-6

21-29 Sandy loam, loamy
sand

SM A-2 0 0 100 100 74-79 35-40 16-23 2-6

29-60 Very fine sandy
loam, silt loam

ML A-4 0 0 100 100 88-95 70-77 18-26 4-10
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Engineering Properties–Eastern Stanislaus Area, California

Map unit symbol and
soil name

Pct. of
map
unit

Hydrolo
gic

group

Depth USDA texture Classification Fragments Percentage passing sieve number— Liquid
limit

Plasticit
y index

Unified AASHTO >10
inches

3-10
inches

4 10 40 200

In Pct Pct Pct

TuA—Tujunga loamy
sand, 0 to 3 percent
slopes

Tujunga 85 A 0-10 Loamy sand SM, SP-
SM,
SW-SM

A-1, A-2,
A-3

0 0-4 91-100 71-100 53-81 18-31 0-20 NP-2

10-60 Loamy sand, fine
sand, sand

SM, SP-
SM,
SW-SM

A-1, A-2,
A-3

0 0-4 91-100 71-100 53-81 18-31 0-19 NP-2

Data Source Information

Soil Survey Area:  Eastern Stanislaus Area, California
Survey Area Data:  Version 9, Sep 18, 2014
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Hydrologic Soil Group and Surface Runoff

This table gives estimates of various soil water features. The estimates are used
in land use planning that involves engineering considerations.

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The four hydrologic soil groups are:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas.

Surface runoff refers to the loss of water from an area by flow over the land surface.
Surface runoff classes are based on slope, climate, and vegetative cover. The
concept indicates relative runoff for very specific conditions. It is assumed that the
surface of the soil is bare and that the retention of surface water resulting from
irregularities in the ground surface is minimal. The classes are negligible, very low,
low, medium, high, and very high.

Report—Hydrologic Soil Group and Surface Runoff

Absence of an entry indicates that the data were not estimated. The dash indicates
no documented presence.

Hydrologic Soil Group and Surface Runoff–Eastern Stanislaus Area, California

Map symbol and soil name Pct. of map unit Surface Runoff Hydrologic Soil Group

DrA—Dinuba sandy loam, 0 to 1 percent slopes

Dinuba 85 Medium C

HfA—Hilmar loamy sand, 0 to 1 percent

Hilmar 85 Medium C

Hydrologic Soil Group and Surface Runoff---Eastern Stanislaus Area, California
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Hydrologic Soil Group and Surface Runoff–Eastern Stanislaus Area, California

Map symbol and soil name Pct. of map unit Surface Runoff Hydrologic Soil Group

TuA—Tujunga loamy sand, 0 to 3 percent slopes

Tujunga 85 Negligible A

Data Source Information

Soil Survey Area:  Eastern Stanislaus Area, California
Survey Area Data:  Version 9, Sep 18, 2014
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Particle Size and Coarse Fragments

This table shows estimates of particle size distribution and coarse fragment content
of each soil in the survey area. The estimates are based on field observations and
on test data for these and similar soils.

Depth to the upper and lower boundaries of each layer is indicated.

Particle size is the effective diameter of a soil particle as measured by
sedimentation, sieving, or micrometric methods. Particle sizes are expressed as
classes with specific effective diameter class limits. The broad classes are sand,
silt, and clay, ranging from the larger to the smaller.

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter to
2 millimeters in diameter. In this table, the estimated sand content of each soil layer
is given as a percentage, by weight, of the soil material that is less than 2 millimeters
in diameter.

Silt as a soil separate consists of mineral soil particles that are 0.002 to 0.05
millimeter in diameter. In this table, the estimated silt content of each soil layer is
given as a percentage, by weight, of the soil material that is less than 2 millimeters
in diameter.

Clay as a soil separate consists of mineral soil particles that are less than 0.002
millimeter in diameter. In this table, the estimated clay content of each soil layer is
given as a percentage, by weight, of the soil material that is less than 2 millimeters
in diameter.

The content of sand, silt, and clay affects the physical behavior of a soil. Particle
size is important for engineering and agronomic interpretations, for determination
of soil hydrologic qualities, and for soil classification.

The amount and kind of clay affect the fertility and physical condition of the soil and
the ability of the soil to adsorb cations and to retain moisture. They influence shrink-
swell potential, saturated hydraulic conductivity (Ksat), plasticity, the ease of soil
dispersion, and other soil properties. The amount and kind of clay in a soil also
affect tillage and earthmoving operations.

Total fragments is the content of fragments of rock and other materials larger than
2 millimeters in diameter on volumetric basis of the whole soil.

Fragments 2-74 mm refers to the content of coarse fragments in the 2 to 74
millimeter size fraction.

Fragments 75-249 mm refers to the content of coarse fragments in teh 75 to 249
millimeter size fraction.

Fragments 250-599 mm refers to the content of coarse fragments in the 250 to 599
millimeter size fraction.

Fragments >=600 mm refers to the content of coarse fragments in the greater than
or equal to 600 millimeter size fraction.

Reference:
United States Department of Agriculture, Natural Resources Conservation Service.
National soil survey handbook, title 430-VI. (http://soils.usda.gov)
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Report—Particle Size and Coarse Fragments

Particle Size and Coarse Fragments–Eastern Stanislaus Area, California

Map symbol and
soil name

Horizon Depth Sand Silt Clay Total fragments Fragments 2-74
mm

Fragments 75-249
mm

Fragments
250-599 mm

Fragments
>=600 mm

In L-RV-H
Pct

L-RV-H
Pct

L-RV-H Pct RV Pct RV Pct RV Pct RV Pct RV Pct

DrA—Dinuba sandy
loam, 0 to 1
percent slopes

Dinuba H1 0-10 -66- -23- 7-11- 15 2 2 — — —

H2 10-30 -67- -19- 10-14- 18 2 2 — — —

H3 30-60 -30- -56- 10-14- 18 2 2 — — —

HfA—Hilmar loamy
sand, 0 to 1
percent

Hilmar H1 0-7 -79- -17- 0- 5- 10 — — — — —

H2 7-21 -94- - 1- 0- 5- 10 — — — — —

H3 21-29 -69- -24- 5- 8- 10 — — — — —

H4 29-60 -32- -56- 8-12- 15 — — — — —

TuA—Tujunga loamy
sand, 0 to 3
percent slopes

Tujunga H1 0-10 -81- -17- 0- 3- 5 12 10 2 — —

H2 10-60 -81- -17- 0- 3- 5 12 10 2 — —

Data Source Information

Soil Survey Area:  Eastern Stanislaus Area, California
Survey Area Data:  Version 9, Sep 18, 2014
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Physical Soil Properties

This table shows estimates of some physical characteristics and features that affect
soil behavior. These estimates are given for the layers of each soil in the survey
area. The estimates are based on field observations and on test data for these and
similar soils.

Depth to the upper and lower boundaries of each layer is indicated.

Particle size is the effective diameter of a soil particle as measured by
sedimentation, sieving, or micrometric methods. Particle sizes are expressed as
classes with specific effective diameter class limits. The broad classes are sand,
silt, and clay, ranging from the larger to the smaller.

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter to
2 millimeters in diameter. In this table, the estimated sand content of each soil layer
is given as a percentage, by weight, of the soil material that is less than 2 millimeters
in diameter.

Silt as a soil separate consists of mineral soil particles that are 0.002 to 0.05
millimeter in diameter. In this table, the estimated silt content of each soil layer is
given as a percentage, by weight, of the soil material that is less than 2 millimeters
in diameter.

Clay as a soil separate consists of mineral soil particles that are less than 0.002
millimeter in diameter. In this table, the estimated clay content of each soil layer is
given as a percentage, by weight, of the soil material that is less than 2 millimeters
in diameter.

The content of sand, silt, and clay affects the physical behavior of a soil. Particle
size is important for engineering and agronomic interpretations, for determination
of soil hydrologic qualities, and for soil classification.

The amount and kind of clay affect the fertility and physical condition of the soil and
the ability of the soil to adsorb cations and to retain moisture. They influence shrink-
swell potential, saturated hydraulic conductivity (Ksat), plasticity, the ease of soil
dispersion, and other soil properties. The amount and kind of clay in a soil also
affect tillage and earthmoving operations.

Moist bulk density is the weight of soil (ovendry) per unit volume. Volume is
measured when the soil is at field moisture capacity, that is, the moisture content
at 1/3- or 1/10-bar (33kPa or 10kPa) moisture tension. Weight is determined after
the soil is dried at 105 degrees C. In the table, the estimated moist bulk density of
each soil horizon is expressed in grams per cubic centimeter of soil material that is
less than 2 millimeters in diameter. Bulk density data are used to compute linear
extensibility, shrink-swell potential, available water capacity, total pore space, and
other soil properties. The moist bulk density of a soil indicates the pore space
available for water and roots. Depending on soil texture, a bulk density of more than
1.4 can restrict water storage and root penetration. Moist bulk density is influenced
by texture, kind of clay, content of organic matter, and soil structure.

Physical Soil Properties---Eastern Stanislaus Area, California
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Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a
saturated soil transmit water. The estimates in the table are expressed in terms of
micrometers per second. They are based on soil characteristics observed in the
field, particularly structure, porosity, and texture. Saturated hydraulic conductivity
(Ksat) is considered in the design of soil drainage systems and septic tank
absorption fields.

Available water capacity refers to the quantity of water that the soil is capable of
storing for use by plants. The capacity for water storage is given in inches of water
per inch of soil for each soil layer. The capacity varies, depending on soil properties
that affect retention of water. The most important properties are the content of
organic matter, soil texture, bulk density, and soil structure. Available water capacity
is an important factor in the choice of plants or crops to be grown and in the design
and management of irrigation systems. Available water capacity is not an estimate
of the quantity of water actually available to plants at any given time.

Linear extensibility refers to the change in length of an unconfined clod as moisture
content is decreased from a moist to a dry state. It is an expression of the volume
change between the water content of the clod at 1/3- or 1/10-bar tension (33kPa or
10kPa tension) and oven dryness. The volume change is reported in the table as
percent change for the whole soil. The amount and type of clay minerals in the soil
influence volume change.

Linear extensibility is used to determine the shrink-swell potential of soils. The
shrink-swell potential is low if the soil has a linear extensibility of less than 3 percent;
moderate if 3 to 6 percent; high if 6 to 9 percent; and very high if more than 9 percent.
If the linear extensibility is more than 3, shrinking and swelling can cause damage
to buildings, roads, and other structures and to plant roots. Special design
commonly is needed.

Organic matter is the plant and animal residue in the soil at various stages of
decomposition. In this table, the estimated content of organic matter is expressed
as a percentage, by weight, of the soil material that is less than 2 millimeters in
diameter. The content of organic matter in a soil can be maintained by returning
crop residue to the soil.

Organic matter has a positive effect on available water capacity, water infiltration,
soil organism activity, and tilth. It is a source of nitrogen and other nutrients for crops
and soil organisms.

Erosion factors are shown in the table as the K factor (Kw and Kf) and the T factor.
Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by
water. Factor K is one of six factors used in the Universal Soil Loss Equation (USLE)
and the Revised Universal Soil Loss Equation (RUSLE) to predict the average
annual rate of soil loss by sheet and rill erosion in tons per acre per year. The
estimates are based primarily on percentage of silt, sand, and organic matter and
on soil structure and Ksat. Values of K range from 0.02 to 0.69. Other factors being
equal, the higher the value, the more susceptible the soil is to sheet and rill erosion
by water.

Erosion factor Kw indicates the erodibility of the whole soil. The estimates are
modified by the presence of rock fragments.

Erosion factor Kf indicates the erodibility of the fine-earth fraction, or the material
less than 2 millimeters in size.

Physical Soil Properties---Eastern Stanislaus Area, California

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

3/4/2015
Page 2 of 5



Erosion factor T is an estimate of the maximum average annual rate of soil erosion
by wind and/or water that can occur without affecting crop productivity over a
sustained period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have similar properties affecting
their susceptibility to wind erosion in cultivated areas. The soils assigned to group
1 are the most susceptible to wind erosion, and those assigned to group 8 are the
least susceptible. The groups are described in the "National Soil Survey
Handbook."

Wind erodibility index is a numerical value indicating the susceptibility of soil to wind
erosion, or the tons per acre per year that can be expected to be lost to wind erosion.
There is a close correlation between wind erosion and the texture of the surface
layer, the size and durability of surface clods, rock fragments, organic matter, and
a calcareous reaction. Soil moisture and frozen soil layers also influence wind
erosion.

Reference:
United States Department of Agriculture, Natural Resources Conservation Service.
National soil survey handbook, title 430-VI. (http://soils.usda.gov)
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Report—Physical Soil Properties

Physical Soil Properties–Eastern Stanislaus Area, California

Map symbol
and soil name

Depth Sand Silt Clay Moist
bulk

density

Saturated
hydraulic

conductivity

Available
water

capacity

Linear
extensibility

Organic
matter

Erosion
factors

Wind
erodibility

group

Wind
erodibility

index
Kw Kf T

In Pct Pct Pct g/cc micro m/sec In/In Pct Pct

DrA—Dinuba
sandy loam, 0
to 1 percent
slopes

Dinuba 0-10 -66- -23- 7-11- 15 1.50-1.60 14.00-42.00 0.10-0.13 0.5-1.3 0.5-1.0 .20 .20 5 3 86

10-30 -67- -19- 10-14- 18 1.50-1.60 14.00-42.00 0.10-0.13 0.7-1.5 0.0-0.5 .24 .24

30-60 -30- -56- 10-14- 18 1.70-1.80 0.42-1.40 0.10-0.13 0.7-1.5 0.0 .64 .64

HfA—Hilmar
loamy sand, 0
to 1 percent

Hilmar 0-7 -79- -17- 0- 5- 10 1.60-1.70 42.00-141.00 0.06-0.10 0.0-0.7 0.5-1.0 .24 .24 5 2 134

7-21 -94- - 1- 0- 5- 10 1.60-1.70 42.00-141.00 0.06-0.10 0.0-0.7 0.0-0.5 .05 .05

21-29 -69- -24- 5- 8- 10 1.60-1.70 42.00-141.00 0.06-0.10 0.2-0.7 0.0-0.5 .37 .37

29-60 -32- -56- 8-12- 15 1.60-1.70 0.42-1.40 0.14-0.17 0.2-0.9 0.0 .64 .64

TuA—Tujunga
loamy sand, 0
to 3 percent
slopes

Tujunga 0-10 -81- -17- 0- 3- 5 1.60-1.70 42.00-141.00 0.05-0.10 0.0-0.5 0.5-1.0 .15 .15 5 2 134

10-60 -81- -17- 0- 3- 5 1.60-1.70 42.00-141.00 0.05-0.08 0.0-0.5 0.0-0.5 .15 .15
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Data Source Information

Soil Survey Area:  Eastern Stanislaus Area, California
Survey Area Data:  Version 9, Sep 18, 2014
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Soil Features

This table gives estimates of various soil features. The estimates are used in land
use planning that involves engineering considerations.

A restrictive layer is a nearly continuous layer that has one or more physical,
chemical, or thermal properties that significantly impede the movement of water
and air through the soil or that restrict roots or otherwise provide an unfavorable
root environment. Examples are bedrock, cemented layers, dense layers, and
frozen layers. The table indicates the hardness and thickness of the restrictive layer,
both of which significantly affect the ease of excavation. Depth to top is the vertical
distance from the soil surface to the upper boundary of the restrictive layer.

Subsidence is the settlement of organic soils or of saturated mineral soils of very
low density. Subsidence generally results from either desiccation and shrinkage,
or oxidation of organic material, or both, following drainage. Subsidence takes place
gradually, usually over a period of several years. The table shows the expected
initial subsidence, which usually is a result of drainage, and total subsidence, which
results from a combination of factors.

Potential for frost action is the likelihood of upward or lateral expansion of the soil
caused by the formation of segregated ice lenses (frost heave) and the subsequent
collapse of the soil and loss of strength on thawing. Frost action occurs when
moisture moves into the freezing zone of the soil. Temperature, texture, density,
saturated hydraulic conductivity (Ksat), content of organic matter, and depth to the
water table are the most important factors considered in evaluating the potential for
frost action. It is assumed that the soil is not insulated by vegetation or snow and
is not artificially drained. Silty and highly structured, clayey soils that have a high
water table in winter are the most susceptible to frost action. Well drained, very
gravelly, or very sandy soils are the least susceptible. Frost heave and low soil
strength during thawing cause damage to pavements and other rigid structures.

Risk of corrosion pertains to potential soil-induced electrochemical or chemical
action that corrodes or weakens uncoated steel or concrete. The rate of corrosion
of uncoated steel is related to such factors as soil moisture, particle-size
distribution, acidity, and electrical conductivity of the soil. The rate of corrosion of
concrete is based mainly on the sulfate and sodium content, texture, moisture
content, and acidity of the soil. Special site examination and design may be needed
if the combination of factors results in a severe hazard of corrosion. The steel or
concrete in installations that intersect soil boundaries or soil layers is more
susceptible to corrosion than the steel or concrete in installations that are entirely
within one kind of soil or within one soil layer.

For uncoated steel, the risk of corrosion, expressed as low, moderate, or high, is
based on soil drainage class, total acidity, electrical resistivity near field capacity,
and electrical conductivity of the saturation extract.

For concrete, the risk of corrosion also is expressed as low, moderate, or high. It
is based on soil texture, acidity, and amount of sulfates in the saturation extract.
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Report—Soil Features

Soil Features–Eastern Stanislaus Area, California

Map symbol and
soil name

Restrictive Layer Subsidence Potential for frost
action

Risk of corrosion

Kind Depth to
top

Thickness Hardness Initial Total Uncoated steel Concrete

In In In In

DrA—Dinuba sandy
loam, 0 to 1
percent slopes

Dinuba — — — — None High Moderate

HfA—Hilmar loamy
sand, 0 to 1
percent

Hilmar — — — — None High Moderate

TuA—Tujunga
loamy sand, 0 to 3
percent slopes

Tujunga — — — — None Low Low

Data Source Information

Soil Survey Area:  Eastern Stanislaus Area, California
Survey Area Data:  Version 9, Sep 18, 2014
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Water Features

This table gives estimates of various soil water features. The estimates are used
in land use planning that involves engineering considerations.

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The four hydrologic soil groups are:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas.

Surface runoff refers to the loss of water from an area by flow over the land surface.
Surface runoff classes are based on slope, climate, and vegetative cover. The
concept indicates relative runoff for very specific conditions. It is assumed that the
surface of the soil is bare and that the retention of surface water resulting from
irregularities in the ground surface is minimal. The classes are negligible, very low,
low, medium, high, and very high.

The months in the table indicate the portion of the year in which a water table,
ponding, and/or flooding is most likely to be a concern.

Water table refers to a saturated zone in the soil. The water features table indicates,
by month, depth to the top (upper limit) and base (lower limit) of the saturated zone
in most years. Estimates of the upper and lower limits are based mainly on
observations of the water table at selected sites and on evidence of a saturated
zone, namely grayish colors or mottles (redoximorphic features) in the soil. A
saturated zone that lasts for less than a month is not considered a water table.
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Ponding is standing water in a closed depression. Unless a drainage system is
installed, the water is removed only by percolation, transpiration, or evaporation.
The table indicates surface water depth and the duration and frequency of ponding.
Duration is expressed as very brief if less than 2 days, brief if 2 to 7 days, long if 7
to 30 days, and very long if more than 30 days. Frequency is expressed as none,
rare, occasional, and frequent. None means that ponding is not probable; rare that
it is unlikely but possible under unusual weather conditions (the chance of ponding
is nearly 0 percent to 5 percent in any year); occasional that it occurs, on the
average, once or less in 2 years (the chance of ponding is 5 to 50 percent in any
year); and frequent that it occurs, on the average, more than once in 2 years (the
chance of ponding is more than 50 percent in any year).

Flooding is the temporary inundation of an area caused by overflowing streams, by
runoff from adjacent slopes, or by tides. Water standing for short periods after
rainfall or snowmelt is not considered flooding, and water standing in swamps and
marshes is considered ponding rather than flooding.

Duration and frequency are estimated. Duration is expressed as extremely brief if
0.1 hour to 4 hours, very brief if 4 hours to 2 days, brief if 2 to 7 days, long if 7 to
30 days, and very long if more than 30 days. Frequency is expressed as none, very
rare, rare, occasional, frequent, and very frequent. None means that flooding is not
probable; very rare that it is very unlikely but possible under extremely unusual
weather conditions (the chance of flooding is less than 1 percent in any year);
rare that it is unlikely but possible under unusual weather conditions (the chance
of flooding is 1 to 5 percent in any year); occasional that it occurs infrequently under
normal weather conditions (the chance of flooding is 5 to 50 percent in any year);
frequent that it is likely to occur often under normal weather conditions (the chance
of flooding is more than 50 percent in any year but is less than 50 percent in all
months in any year); and very frequent that it is likely to occur very often under
normal weather conditions (the chance of flooding is more than 50 percent in all
months of any year).

The information is based on evidence in the soil profile, namely thin strata of gravel,
sand, silt, or clay deposited by floodwater; irregular decrease in organic matter
content with increasing depth; and little or no horizon development.

Also considered are local information about the extent and levels of flooding and
the relation of each soil on the landscape to historic floods. Information on the extent
of flooding based on soil data is less specific than that provided by detailed
engineering surveys that delineate flood-prone areas at specific flood frequency
levels.
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Report—Water Features

Absence of an entry indicates that the data were not estimated. The dash indicates no documented presence.

Water Features–Eastern Stanislaus Area, California

Map unit symbol and soil
name

Hydrologic
group

Surface
runoff

Month Water table Ponding Flooding

Upper limit Lower limit Surface
depth

Duration Frequency Duration Frequency

Ft Ft Ft

DrA—Dinuba sandy loam, 0
to 1 percent slopes

Dinuba C Medium January — — — — None — None

February — — — — None — None

March — — — — None — None

April — — — — None — None

May — — — — None — None

June — — — — None — None

July — — — — None — None

August — — — — None — None

September — — — — None — None

October — — — — None — None

November — — — — None — None

December — — — — None — None
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Water Features–Eastern Stanislaus Area, California

Map unit symbol and soil
name

Hydrologic
group

Surface
runoff

Month Water table Ponding Flooding

Upper limit Lower limit Surface
depth

Duration Frequency Duration Frequency

Ft Ft Ft

HfA—Hilmar loamy sand, 0 to
1 percent

Hilmar C Medium January — — — — None — None

February — — — — None — None

March — — — — None — None

April — — — — None — None

May — — — — None — None

June — — — — None — None

July — — — — None — None

August — — — — None — None

September — — — — None — None

October — — — — None — None

November — — — — None — None

December — — — — None — None
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Water Features–Eastern Stanislaus Area, California

Map unit symbol and soil
name

Hydrologic
group

Surface
runoff

Month Water table Ponding Flooding

Upper limit Lower limit Surface
depth

Duration Frequency Duration Frequency

Ft Ft Ft

TuA—Tujunga loamy sand, 0
to 3 percent slopes

Tujunga A Negligible January — — — — None — None

February — — — — None — None

March — — — — None — None

April — — — — None — None

May — — — — None — None

June — — — — None — None

July — — — — None — None

August — — — — None — None

September — — — — None — None

October — — — — None — None

November — — — — None — None

December — — — — None — None

Data Source Information

Soil Survey Area:  Eastern Stanislaus Area, California
Survey Area Data:  Version 9, Sep 18, 2014
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Earthwork 
 
Subgrade Preparation 

A. Subgrade shall be smooth and free of projections that can damage the lining.  
Stumps, roots, weeds, brush, rocks, hard clods, and other such materials are to 
be removed in order to provide a smooth soil surface. 

B. Subgrade shall be placed in maximum 6” lifts and compacted to a minimum 
of 90% of the maximum dry density as determined by ASTM D-1557.  
Compaction shall be achieved using a sheepsfoot roller or other equivalent 
equipment that will provide the required compaction. 

C. Compaction testing shall be conducted in accordance with ASTM D 2922.  
The portions of the embankments above grade will be tested at a frequency of 
1 test per every foot of elevation gain every 300 lineal feet.  Below grade 
portions of the embankments and pond bottoms will be tested at a frequency 
of 1 test per 20,000 ft2.  All compaction testing results shall be supplied to the 
engineer prior to the installation of the HDPE liner. 

D. All subgrade that has been damaged during pond construction and deemed 
unsuitable by the engineer shall be repaired prior to HDPE liner installation. 

E. HDPE liner shall not be allowed to “bridge” voids or low areas in the 
subgrade. 

F. Subgrade areas that are weak or compressible that cannot meet the 
compaction requirements shall be removed and backfilled with satisfactory 
compacted fill. 

G. The engineer shall approve the subgrade upon completion of the compaction 
of the pond bottom and embankments prior to liner installation.  Once the 
subgrade has been approved by the engineer, the HDPE liner installation 
company shall approve the subgrade each day prior to commencement of 
installation.  If unsatisfactory surfaces are encountered, the installer shall 
contact the engineer to inform them of the conditions.  Unsatisfactory areas 
shall be fixed by the general contractor and approved by the engineer and liner 
installer prior to the commencement of liner installation. 

 
Anchor Trench 

A. An anchor trench that is a minimum of 1.5’ wide by 1.5’ deep shall be 
excavated around the entire area to be lined at the top of the embankment.  
The engineer and liner installer shall approve the anchor trench prior to liner 
installation.  Any deficiencies shall be corrected by the excavation contractor 
to meet the approval of the engineer and liner installation company. 

B. After liner installation and seam welding have been completed, the trench 
shall be backfilled to secure the liner material.  The engineer and liner 
installation company shall approve the backfilled trench. 

C. Trench backfill shall be placed in no more than 6” lifts and compacted to 90% 
maximum dry density of the backfill material used.  If the liner material is 
damaged during backfilling that portion of the liner is to be repaired or 
replaced prior to backfilling commencing. 

 



Finished Grade 
A. Finished grading shall be within 0.2’ of the design grades 
B. Finished grades within the ponds shall have a smooth finish w/ no material 

larger than ½” in diameter.  Exposed particles are to be classified as rounded 
or sub-rounded as defined under ASTM D2488 

 
Moisture Control 

A. Moisture shall be added to soils during compaction to maintain levels within 
+5% of the optimal moisture content of the soil used. 

 
GEOMEMBRANE LINER 

 
Materials 

A. Geomembrane liner shall be High-Density Polyethylene (HDPE), 60-mil, 
smooth on both sides and UV protected.  The geomembrane shall meet or 
exceed the Geosynthetic Research Institute’s (GRI) GM13 specifications. 

B. Gasket material shall be neoprene, closed cell medium, ¼” thk., 2” wide with 
adhesive on one side or other equivalent materials. 

C. Metal battens or banding and hardware shall be stainless steel. 
D. Water cut-off mastic shall be Neoprene Flashing Cement or approved 

equivalent. 
E. Sealant shall be General Electric Silicone, RTV 103 or equivalent. 

 
Material Delivery 

A. Upon delivery to the project site, the engineer shall conduct an inventor and 
inspection of the lining materials during and after unloading. 

B. The inventory of delivered materials will be cross-referenced with bills of 
lading to ensure all necessary materials have been unloaded at the project site. 

C. Any damaged materials shall be noted and clearly marked as damaged.  The 
engineer and liner installation company will then determine if the materials 
may still be used on the project or if the materials are to be returned to the 
manufacturer. 

D. The engineer shall obtain the manufacturer’s construction quality assurance 
test results for the delivered materials and retain them for submittal with the 
pond certification document. 

 
Liner Placement 

A. Rolls shall be deployed using a spreader bar assembly attached to a loader 
bucket or other methods approved by the engineer 

B. The liner installer shall be responsible for the following: 
a. Equipment and tools shall not damage the liner during handling, 

transportation, and deployment. 
b. Method used to unroll panels shall not cause scratches or crimps to the 

liner or damage the supporting subgrade. 
c. Liner panels shall be adequately “loaded” with sand bags or similar 

items to prevent uplift by wind. 



d. No vehicular traffic will be allowed on the liner material. 
e. Employees shall wear clean footwear and be prohibited from smoking 

on or near the liner panels. 
C. Liner installation shall proceed between ambient temperatures of 32 and 104 

degrees Fahrenheit. 
D. Prior to installation, a liner panel numbering system shall be agreed upon 

between the engineer and liner installation company.  The system will assist 
both parties in identifying each panel, seam, and the parent material used. 

E. Panel numbers shall be written in large, white block letters at each end of the 
deployed panels.  Panel numbers shall be logged with the liner roll number 
and gross length.  All panels are to be field seamed. 

 
Liner Seaming 

A. Approved seaming processes are double fusion seams with air pressure testing 
for joining liner sections and extrusion welding for patches and boots.  Seams 
shall be oriented in the direction of the embankment slope.  All seaming 
equipment shall be calibrated in accordance with the manufacturer’s 
specifications. 

B. No base T-seam shall be closer than 5’ from the toe of the embankment slope. 
C. Seam Overlap 

a. Panels must have a minimum finished overlap of 4” for fusion welding 
and 6” for extrusion welding. 

b. Cleaning solvents may not be used unless approved by the liner 
manufacturer. 

D. Seams shall be prepared prior to seaming to make sure that the seaming area is 
free of moisture, dirt, dust or debris. 

E. Seam numbers shall be identified be the panels on each side of the seam.  For 
example, the seam between panel number 11 and panel number 12 shall be 
identified as seam number 11-12.  Seam numbers and lengths shall be seamed. 

F. Technicians shall mark the end of each seam with the seam number, machine 
number, and date in white, block lettering. 

G. Test Seams 
a. Field test seams shall be conducted on the liner to verify that seaming 

conditions are satisfactory.  Seaming equipment shall be allowed to 
warm up a minimum of 15 minutes before conducting a field test.  The 
test shall consist of placing two 10’ long sections of the liner material 
on the pond embankment or bottom and seaming them together in the 
same method that will be used for the main liner panels.  A visual 
inspection of the seam shall be conducted to verify that the seam has 
provided full fusion of the two liner pieces without causing either 
inadequate binding due to low equipment temperature and/or cool 
weather/soil conditions or melting of the two liner pieces caused by 
high equipment temperatures and/or hot weather/soil conditions.  If 
improper seaming conditions exist, no liner panels shall be seamed 
within the pond until equipment and weather/soil conditions exist that 
will provide proper seaming.  Test seams shall be conducted at the 



beginning of each day’s installation, after any power failure, and at 
least once every 4 hours throughout the day.  All testing equipment 
shall be calibrated in accordance with the manufacturer’s 
specifications. 

b. All test seams shall be made in contact with the subgrade.  Welding 
rod shall have the same properties as the resin used to manufacture the 
liner material.  Test seam samples shall be 6’ long for fusion welding 
and 3’ long for extrusion welding. 

c. Field conducted shear and peel tests shall result in Failure-To-Break 
(FTB).  If a test seam breaks, the seaming equipment and/or seamer 
shall not be used until a successful test is achieved.  Field shear and 
peel tests shall be conducted on-site throughout the liner installation 
process.  Off-site laboratory shear test values (@ 2”/min.) shall meet 
or exceed 121 PPI.  A fusion peel test value (@ 2”/min.) shall meet or 
exceed 98 PPI.  An extrusion peel test value (@ 2”/min.) shall meet or 
exceed 78 PPI.  The Off-site laboratory tests shall be conducted as the 
project is progressing. 

H. Destructive Seam Testing (Off-site) 
a. Destructive seam tests shall be performed at a frequency of one sample 

per 500’ of seam length.  Samples should be labeled for easy 
identification and logged for future reference.  All testing equipment 
shall be calibrated in accordance with the manufacturer’s 
specifications. 

b. A minimum 12”x12” seam sample shall be taken by the engineer and 
shipped to Precision Geosynthetic Laboratories for testing 

c. Seam samples shall be analyzed for shear and peel by the laboratory.  
Shear test values (@ 2”/min.) shall meet or exceed 121 PPI.  A fusion 
peel test value (@ 2”/min.) shall meet or exceed 98 PPI.  An extrusion 
peel test value (@ 2”/min.) shall meet or exceed 78 PPI.  Results shall 
be delivered to the engineer for review and submittal with the pond 
certification. 

I. Field Non-Destructive Seam Testing (On-site) 
a. The liner installer shall non-destructively test all field seams over their 

full length.  All testing equipment shall be calibrated in accordance 
with the manufacturer’s specifications. 

b. Vacuum Box Testing 
i. Vacuum bas shall consist of a rigid housing, a transparent 

viewing window, a soft rubber gasket attached to the bottom, 
port hole or valve assembly, and a vacuum gauge. 

ii. Soapy solution in a plastic bucket with a mop. 
c. Installer procedures: 

i. Excess panel overlap shall be trimmed away. 
ii. Wet a strip of liner approximately 12” wide by the length of the 

box with a soapy solution. 
iii. Place box over wetted area and compress. 
iv. Create a 3-5 psi vacuum. 



v. Ensure a leak tight seal is created. 
vi. For approximately 15 seconds, examine the liner through the 

viewing window for the presence of animated bubbles. 
vii. If no animated bubbles appear, release the vacuum pressure 

and move the box to the next adjoining area with a minimum 
3” overlap and repeat process. 

viii. All areas where animated bubbles were found shall be marked, 
repaired, and retested. 

d. Air Pressure Testing (for double fusion seams only) 
i. Use an air pump capable of generating and sustaining 25 and 

30 psi that is equipped with a pressure gauge. 
ii. Pressure gauge equipped with a sharp hollow needle. 

e. Installer procedures: 
i. Seal one end of seam to be tested. 

ii. Insert needle through the sealed end of the channel. 
iii. Energize air pump to verify an unobstructed passage of air 

through the channel. 
iv. Seal other end of channel. 
v. Using air pump, create a pressure of 25 to 30 psi, close valve, 

wait 2 minutes, and then sustain the pressure for approximately 
5 minutes. 

f. If loss of pressure exceeds 2 psi or pressure does not stabilize, locate 
faulty area of seam, repair and retest. 

 
Liner Defects & Repairs 

A. All seams and non-seam areas of the liner shall be inspected by the engineer 
for defects, holes, blisters, undispersed raw materials, and any signs of 
contamination. 

a. Each suspect area of the liner and seams shall be non-destructively 
tested.  Each location that fails testing shall be marked, repaired, and 
retested. 

b. Repair procedures: 
i. Defective seams shall be cap stripped or replaced. 

ii. Small holes shall be by extrusion welding unless the hole is 
larger than ¼”, then it shall be patched. 

iii. Tears shall be repaired by patching. 
iv. Blisters, large cuts, and undispersed raw materials shall be 

repaired by patching. 
v. Patches shall be completed by extrusion welding.  Patches shall 

be round or oval in shape and made of the same material as the 
liner.  Patches shall extend a minimum of 6” past the edge of 
the defect. 

vi. Each repair shall be non-destructively tested until it passes the 
testing criteria. 

 
 



Electrical Leak Location Testing 
A. Within 1 week of completing the pond lining, the liner shall be tested using 

ASTM standard D-7002 or ASTM standard D-7007 by a third party, 
independent testing company.  A longer time frame between liner completion 
and leak location testing may be allowed for scheduling purposes if approved 
by the engineer. 

B. During leak location testing, the lining installation company will be present 
and available to make repairs that may be required. 

C. All leak location testing results and resultant repairs shall be logged and 
provided to the engineer for submittal with the pond certification. 

 
Depth Marker 

A. Upon completion of the pond construction and prior to use, a steel rod depth 
gauge/marker must be installed in the pond.  The marker is to identify each 
0.5’ of water depth starting with 0.0’ at the bottom up to 13.0’ at the top of the 
rod.  The rod shall be heavily weighted at the bottom with a round steel ball 
welded to the rod to prevent overturning and anchored to the top of the pond 
embankments with guy wire.  The bottom end of the rod shall be smooth with 
no sharp or rough edges that could potentially damage the liner surface.  Any 
other type or method of identifying the pond depth must be approved by the 
engineer. 
 

Concrete 
 
Materials 

A. Concrete shall have a minimum compressive strength of 2500 psi @ 28 days. 
B. Concrete shall have a minimum 1-1/2 lb/yd3 of fiber mesh reinforcement. 
C. PVC water-stop to meet or exceed CRD-C572. 

 
Material Delivery 

A. Prior to delivery to the site, a concrete mix design must be provided to the 
project engineer for review and approval. 

B. Truck load tickets are to be provided to the project engineer. 
C. The inventory of delivered materials will be cross-referenced with bills of 

lading to ensure all necessary materials have been unloaded at the project site. 
D. Any materials not meeting specifications will be rejected at the project site.  

The engineer and concrete contractor will determine if the materials may still 
be used elsewhere on the project or if the materials are to be returned to the 
concrete plant. 

E. The engineer shall obtain the concrete plant’s quality assurance test results for 
the delivered materials and retain them for submittal with the pond 
certification document. 

 
Placement 

A. Concrete is to be placed at a rate that can be managed by the contractor to 
ensure proper thickness, vibration, and finish. 



B. The contractor shall be responsible for the following: 
a. Equipment and tools required for material handling, pouring, and 

finish. 
b. Method used to pour concrete shall not cause voids or thin areas in 

slabs or damage the supporting subgrade. 
c. Providing and installing waterstop materials that meet or exceed 

specifications of the engineer. 
C. No traffic will be allowed on the slabs until concrete has reached minimum 

required compressive strength. 
D. Waterstop materials are to be installed at all concrete joints. 

 
Control Joints 

A. Control joints are to be provided a minimum of every 15’ o.c. 
B. All control joints are to be sealed using volclay or equivalent waterstop type 

sealer. 
C. Any cracks that develop in the concrete during currying shall be sealed using 

volclay or equivalent waterstop type sealer. 
 
Defects & Repairs 

A. All concrete slabs and joints shall be inspected by the engineer for defects, 
gaps, cracking, undispersed raw materials, and any signs of contamination. 

a. Each suspect area of the concrete shall be inspected.  Each location 
that fails inspection shall be marked, repaired, and re-inspected. 

b. Repair procedures: 
i. Defective areas shall be removed and re-poured/sealed. 

ii. Small cracks/gaps shall be by sealed with volclay or equivalent 
waterstop material. 

B. Each repair shall be inspected until it passes the engineers requirements. 







State_Well_Numb

er

Measurement_D

ate

RP_Elevat

ion

GS_Elevat

ion
RPWS WSE GSWS

05S09E04C001M 3/10/1987 0:00 65 65 13 52 13

05S09E04C001M 10/25/1988 0:00 65 65 23 42 23

05S09E04C001M 3/8/1989 0:00 65 65 21 44 21

05S09E04C001M 11/2/1989 0:00 65 65 22 43 22

05S09E04C001M 2/6/1990 0:00 65 65 22 43 22

05S09E04C001M 2/7/1991 0:00 65 65 18 47 18

05S09E04C001M 10/16/1991 0:00 65 65 23 42 23

05S09E04C001M 2/19/1992 0:00 65 65 20 45 20

05S09E04C001M 10/27/1992 0:00 65 65 23 42 23

05S09E04C001M 3/4/1993 0:00 65 65 20.1 44.9 20.1

05S09E04C001M 2/16/1994 0:00 65 65 12 53 12

05S09E04C001M 11/9/1994 0:00 65 65 13.6 51.4 13.6

05S09E04C001M 3/8/1995 0:00 65 65 9.7 55.3 9.7

05S09E04C001M 11/2/1995 0:00 65 65 13.2 51.8 13.2

05S09E04C001M 3/14/1996 0:00 65 65 9 56 9

05S09E04C001M 3/3/1999 0:00 65 65 8.6 56.4 8.6

05S09E04C001M 11/3/1999 0:00 65 65 14.4 50.6 14.4

05S09E04C001M 3/7/2000 0:00 65 65 8.6 56.4 8.6

05S09E04C001M 3/7/2001 0:00 65 65 10.9 54.1 10.9

05S09E04C001M 10/30/2001 0:00 65 65 14.1 50.9 14.1

05S09E04C001M 2/26/2003 0:00 65 65 10.5 54.5 10.5

05S09E04C001M 3/4/2004 0:00 65 65 13.5 51.5 13.5

05S09E04C001M 3/30/2005 0:00 65 65 11.1 53.9 11.1

05S09E04C001M 2/24/2006 0:00 65 65 10.8 54.2 10.8

05S09E04C001M 4/11/2007 0:00 65 65 12.9 52.1 12.9

05S09E04C001M 11/20/2008 0:00 65 65 17.8 47.2 17.8

05S09E04C001M 11/16/2009 0:00 65 65 18.2 46.8 18.2

05S09E04C001M 3/9/2010 0:00 65 65 15 50 15

05S09E04C001M 11/16/2010 0:00 65 65 15.2 49.8 15.2

05S09E04C001M 3/15/2011 0:00 65 65 12.3 52.7 12.3

05S09E04C001M 11/17/2011 0:00 65 65 13.3 51.7 13.3

Average = 15.2

Well Coordinate Information

Projection Datum Easting Northing Units Zone

UTM NAD27 678103 4156118 metres 10

LL NAD27 120.9842 37.5367 decimal degrees

LL NAD83 120.9852 37.5366 decimal degrees

Well Use:Undetermined 



State_Well_Num

ber

Measurement_D

ate

RP_Elevat

ion

GS_Elevat

ion
RPWS WSE GSWS

05S09E09A001M 12/1/1960 0:00 65 65 6 59 6

05S09E09A001M 12/1/1961 0:00 65 65 9.7 55.3 9.7

05S09E09A001M 12/1/1962 0:00 65 65 3.1 61.9 3.1

05S09E09A001M 2/1/1964 0:00 65 65 4.8 60.2 4.8

05S09E09A001M 2/10/1965 0:00 65 65 4.5 60.5 4.5

05S09E09A001M 11/7/1984 0:00 65 65 14 51 14

05S09E09A001M 11/6/1985 0:00 65 65 8 57 8

05S09E09A001M 11/5/1986 0:00 65 65 7 58 7

05S09E09A001M 3/10/1987 0:00 65 65 6.5 58.5 6.5

05S09E09A001M 3/8/1988 0:00 65 65 18 47 18

05S09E09A001M 10/25/1988 0:00 65 65 23 42 23

05S09E09A001M 3/8/1989 0:00 65 65 18 47 18

05S09E09A001M 11/2/1989 0:00 65 65 17 48 17

05S09E09A001M 2/6/1990 0:00 65 65 16 49 16

05S09E09A001M 10/16/1990 0:00 65 65 21 44 21

05S09E09A001M 2/7/1991 0:00 65 65 17 48 17

05S09E09A001M 2/19/1992 0:00 65 65 16.7 48.3 16.7

05S09E09A001M 10/27/1992 0:00 65 65 15.5 49.5 15.5

05S09E09A001M 3/3/1993 0:00 65 65 13.5 51.5 13.5

05S09E09A001M 10/27/1993 0:00 65 65 6.5 58.5 6.5

05S09E09A001M 2/16/1994 0:00 65 65 7.5 57.5 7.5

05S09E09A001M 11/9/1994 0:00 65 65 8.5 56.5 8.5

05S09E09A001M 11/2/1995 0:00 65 65 7.6 57.4 7.6

05S09E09A001M 11/5/1996 0:00 65 65 6.1 58.9 6.1

05S09E09A001M 11/3/1998 0:00 65 65 6.9 58.1 6.9

05S09E09A001M 3/7/2000 0:00 65 65 3.6 61.4 3.6

05S09E09A001M 3/7/2001 0:00 65 65 5 60 5

05S09E09A001M 10/30/2001 0:00 65 65 10.9 54.1 10.9

05S09E09A001M 3/7/2002 0:00 65 65 6.2 58.8 6.2

05S09E09A001M 2/26/2003 0:00 65 65 7 58 7

05S09E09A001M 3/4/2004 0:00 65 65 7.8 57.2 7.8

05S09E09A001M 3/30/2005 0:00 65 65 5.1 59.9 5.1

05S09E09A001M 2/24/2006 0:00 65 65 6.8 58.2 6.8

05S09E09A001M 11/20/2008 0:00 65 65 13.7 51.3 13.7

05S09E09A001M 3/26/2009 0:00 65 65 17 48 17

05S09E09A001M 11/16/2009 0:00 65 65 12.2 52.8 12.2

05S09E09A001M 3/9/2010 0:00 65 65 10.8 54.2 10.8

05S09E09A001M 11/16/2010 0:00 65 65 10.5 54.5 10.5

05S09E09A001M 3/15/2011 0:00 65 65 9 56 9

05S09E09A001M 11/17/2011 0:00 65 65 18.8 46.2 18.8

Average = 10.7

Well Coordinate Information

Projection Datum Easting Northing Units Zone

UTM NAD27 678559 4154489 metres 10



LL NAD27 120.9794 37.5219 decimal degrees

LL NAD83 120.9804 37.5218 decimal degrees

Well Use:Undetermined 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix F 
Pond Lining Materials Information 





Date: 
Purchaser Name: 
Address: 
City, State: 

SAMPLE COPY 
PRO RATA LIMITED MATERIAL WARRANTY 

FOR GSE LINING TECHNOLOGY, INC. 
Geomembrane Productl 

(U.S.A.) 

Warranty No.: 
Project No.: 
Effective Date: 
Project Name: 

Product Type/Description: ------------- Project Address: -------------
GSE Lining Technology, Inc. ("GSE") warrants each GSE product descn"bed above to be free from material manufacturing defects 
(as described by the contract's material specifications) and to be able to withstand normal weathering for a period of five (S) yean 
from the date of sale. This limited warranty does not mclude damages or defects in the GSE product resulting from acts of God, 
C88U&lty or catastrophe, including but not limited to: eartbquakea, floods, piercing hail, tornadoes or force majeure. The term 
"normal use" does not include, among other things, the exposure of GSE's product to barmfu1 chemicals, abuse by machinery, 
equipment or people; improper site preparation or placement of cover materials; excessive preuures or stresses from any source. 
This wammty is intended for commercial use only and is not in effect for the consumer as defined in the Magnuson-Moss Wammty 
Act. 

Should defects or premature loss of use within the scope of this warranty occur, GSE will, at its option, repair or replace the GSE 
product on a pro rata basis at the current price in such manner as to charge the Purchaser only for that portion of the warranted life 
which has elapsed since the purchase of the product. GSE shall have the right to inspect and determine the cauae of the alleged 
defect in the product and to take appropriate steps to repair or replace the product if a defect exists that is covered under this 
wammty. 

Any claim for aay alleged breach of this warranty must be made in writing, by certified mail or courier, to GSE Lining Teclmology 
Co., 19103 Gundle Road, Houston, TX 77073, with the words "Warranty Claim" clearly marked on the face of the envelope, within 
ten (10) days of Purchaser becoming aware of the alleged defect. Should the required notice not be given, the defect and all 
wammties are waived by the Pun:haser, and Purchaser shall not have rights under this warranty. GSE shall not be obligated to 
perform any inspection or obligated to perform any repair or replacement under this wa:mnty until the area is made available free 
from all obstructions, water, dirt, sludge, residuals and liquids of aay kind If after inspection it is determined that there is no claim 
under this warranty, Purchaser shall reimburse GSE for its costs associated with the site inspection. 

In the event the exclusive remedy provided herein fails in its essential purpose, and in that event only, the Purchaser shall be entitled 
to a return of the purchase price for so much of the product as GSE determines to have violated the warranty provided herein. GSE 
shall not be liable for direct, indirect, special, consequential or incidental damages resulting from a breach of this warranty 
including, but not limited to: damages for loss of production, lost profits, personal injury or property damage. GSE shall not be 
obligated to reimburse Purchaser for any repairs, replacement, modifications or alterations made by Purchaser to GSE's product, 
unless GSE specifically authorized, in writing, said repairs, replacements, modifications or alterations in advance. GSE liability 
under this wammty shall in no event exceed the replacement cost of the product sold to the Purchaser for the particular installati.on 
in which it failed. 

GSE neither assumes nor authorizes aay person other than an officer of GSE to assume for it any other or additional liability in 
connection with the GSE product made on the basis of the Limited Warranty. GSE MAKES NO WARRANTY OF ANY KIND 
OTHER THAN THAT GIVEN HEREIN AND HEREBY DISCLAIMS ALL WARRANTIES, INCL\JDING BOTH 
EXPRESS OR IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. 
TWS WARRANTY IS IN LIEU OF ALL OOBER WARRANTIES, AND BY ACCEPTING DELIVERY OF THE 
PRODUCT, PURCHASER WAIVES ALL OTHER POSSIBLE WARRANTIES. GSE'11 WARRANTY BECOMES AN 
OBLIGATION OF GSE TO PERFORM UNDER THE WARRANTY ONLY UPON RECEIPT OF FINAL PAYMENT. 

This warranty is extended to the Purchaser and is non-transferable and non-usignable, i.e. there are no third-party beneficiaries to 
this warranty. 

GSE LiDiDg Tedmology, 1Dc. • 19103 G\mdle Road• Bouton. TX 77073 • 
800.435.2008 • 281.443.8564 • 281.230.6739 Fu• mawting@sscwarld.com • www.gacworld.com 



Product Data Sheet 

GSE STANDARD PRODUCTS GSE FabriNet Geocomposite (Double-Sided) 

GSE FobriNet geocomposite consists of GSE HyperNet geonet heat-laminated on both sides with a GSE nonwoven 
needlepunched geotextile. GSE HyperNet is a 200 mil thick geonet manufactured from a premium grade high densr
ty polyethylene resin . For the purpose of lamination to geonets, GSE nonwoven needlepunched geotextiles are avail
able in mass per unit area range of 6 oz/yd2 (200 g/m2

) to 16 oz/yd 2 (540 g/m2
). GSE FabriNet geocomposiles are 

designed and formulated to perform drainage function under a range of anticipated site loads, gradients and bound
ary conditions. Index properties for the product are provided in the table below. Please contact GSE for further 1nfor
mation regarding performance under site-specific conditions. 

Product Specificatiofls 

TESTED PROPERlY 

Geocomposite 

TEST METHOD FREQUENCY,....... Mlt-i! M._UM AVERAGE ROLL YALU[<•) 
'{~l''{'{\ 

~ 6 oz/yd2 ../8 oz/yd2 10 oz/yd2 

Product Code 
r 

F420600605 ... 42080080S F42100100S 

Transmissivity'"', gal/min/ft (m1/sec) ASTM D 4716 1/540,000 ft2 t 0.48 (1 X 10'") -A .48 (1 X 1 0-') 0.43 (9 X- 1Q'5) 

Ply Adhesion, lb/in (g/cm) ASTM D 7005 1 /50, ooo ft2 t 
r 

1.0 (178) A 1.0(178) 1.0 (178) 
r 

14.5 (4.4) I Ro ll Width'", ft (m) ) 14.5 (4.4) 14.5 (4.4) 
r 

230 (70.1 ) I Rol l Length''', ft (m) ) 200 (60.9) 190 (58.0) 
r 

3,335 (3 10) I Roll Area, ft2 (m2
) ) 2,900 (269) 2,755 (256) 

r 

y 
A 

I 
Geonet co re(d\ 

Transm lsslvity,•"1 gal/min/ft (m2/sec) ASTM D 4716 y 9.66 (2 X 10'1) "' 1.66 (2 X 1 o·') 9.66 (2 X 1 ff ') 

Thickness, mil (mm) ASTM D 5199 1/50,000 ft' )"' 200 (5) "" 200 (5) 200 (5) 

1/50,000 ft' I 0.94 )"' Density, g,'cm1 ASTM D 1505 ) 0.94 0.94 

1/50,000 ff l 45 (7.9) )"' Tensile Strength (MD), lb/in (N/n1m) ASTM D 5035 ) 45 (7.9) 45 (7.9) 

'1/50,000 ff I 2.0 )'" 2.0 Carbon Black Content, % ASTM D 1603 A 2.0 ) 
I 
y 

I 
Geotextile (prior to lamination)<d,•l 

... 
) 

A 

1 /90,000 ft' r 6 (200) I 8 (270) ... Mass ,per Unit Area, oz/yd2 (g/m') ASTM D 5261 10 (335) 

Grab Tensile, lb (N) ASTM D 4632 1/90,000 ft1 >- 170 (755) } 220 (975) 260(1,155) 

1/90,000 f 
,.. 

90 (395) j Puncture Strengci11 lb (N) ASTM D 4833 165 (n5) 

AOS, US sieve (mm) ASTM D 4751 1 /540,000 ft r 70 (0.212) 100 (0.150) 

1/540,000 ff )" 1.5 I Permittivity, (sec-') ASTM D 4491 J 1.2 

1 /540,000 ft' )" 110 (4,480) Flow Rate, gpm/ft' (lpm/m') ASTM D 4491 l 85 (3,460) 

UV Resistance, % retained ASTM D 4355 (after 500 hours) once per formulatiq~ 70 l 70 70 

~~ y } 
• iofrhese ore MARV values thol ore based on the cumulot,ve results of specimens tested and determmed b r:::,: l .\f"II. n .I.= il.. "!_ ,J,x,mum overage roll value. 

• fb)Gradienl of 0.1 , normol lood of l 0 ,000 psi, waler of 70° F between steel plates for 15 minutes. 

• l~~oll widths and lengths hove o toleron~e of i: 1 %. 

• l'lfcomponent propertte$ prior to lom,notiori . 

• 1'1Refer to g·eolextile product dote sheel for additional specificollo11s. 
DS018 Fabrinet R01113/06 

This information is provided fo r reference purpose, only and is nol intended as o warranty or guaronlee. GSE assumes no liability in connection with the u,e of this informalion. Please check with 
GSE for current, stondord minimum quality assurance procedure.s ood specifications. 

GSE and olher 1rademarks in this document are registered trademarks ol GSE Lining Technology, Inc. in lhe United States and certain lorelgn counlries. 

North America 
South America 
Asia Pacific 
Europe & Africa 
Middle East 

GSE Lining Technology, Inc. 
GSE Lining Technology Chile S.A. 
GSE Lining Technology Company Limited 
GSE Lining Technology GmbH 
GSE Lining Technology-&jypl 

Houston, Texas 
Santiago, Chile 
Bangkok, Thai land 
Homburg, Germany 
The 6th of Ot1obe1 Oly1 Egypt 

www.gseworld.com 

800 435 2008 281 443 8564 
56 2 595 4200 
66 2 937 0091 
49 40 767420 
202 2 828 8888 

Fox: 281 230 8650 
Fax: 56 2 595 4290 
Fox: 66 2 937 0097 
Fox: 49 40 7674234 
Fox: 2-02 2 828 8889 



































































































































































































































AIR-GAS FLAP TYPB VENT 

Top View Geonet/Geotextile 

Cross-section 
TlOflCI\ Bno~nll 

I 

Lintr Caot,xhlo:.i 

Flap Vent 12" x 12" 

Li1)1" 

Maximum 
Fluid Level 
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Appendix G 
FEMA Map 
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MAP NUMBER 
06099C0545E 

t\lARTAf.,, 
:O~,t; 

f ~1~,~ EFFECTIVE DATE 
l .i\t,!. ~tj I SEPTEMBER 26, 2008 

LEGEND 
SPECIAL FLOOD HAZARD AREAS (SFHAs) SUBJECT TO 
INUNDATION BY THE 1 % ANNUAL CHANCE FLOOD 

The !% ,n...,al cnenoe flooo (100.)'l>al ftcc4). aieo io,o,,n aa v,e Ile .. ~. " lhe ftooa 
111&1 Ila& a 1% dlanC8 cl bell'Q equ11od or ~ In "'1Y given -- The $pedal 
Flood Hlletd /'lfl8 Is Ille - IUl,f..:I lo lloodl~ by lhe 1% aMUal cnance ffcod. IW#IJ 
of Sc>ecllll Flood Hazn Include ZcolM A. AE, AH. AO. AR. A98, v. ana VE. 111<, Balle 
Flood Ei.vllllon II tne--eurface oleva11on cl"" 1% annual cl\anoe ftood. 

Zl)NI!,. NO Base FIOC<I Elevatienl Cltlermlne<I, 

ZONI! ~ 91,,., Flood El..,.11on$ deliemllned, 
ZOii! AH FIOo<I del)lll> ot l to 3 i.t (usually •••• ol pCXldlng); B•• F!OOO 

l!levaucns detentilllt<I. 
ZONI! M) FIOOd dept~s of I to l feot (usually sheet now <111 sloplng temiln); 

av«age depO,s delermlned, ~ areas of aft.,..lef ran tloodiog, ..e!Q(111ts 
aflo-lffllned. 

ZONe AR ~111 Flood HaZard Alea ftlrme,ty p,- rram Ille l 'llt annuli 
dlante ftood by a ftoe<I ()O<ltrol sy,t,,m ltlat ..., sul>s<equeml)I 
oeot~ed. Zone AA lnd1<3!M that tlle lormer nooa a>nll'CI s-,,tem Is 
being rMtored to jl<Ol/lde pn,toctlOn tram Ille l'llt onnual cllanai or 
Giffie' llood. 

ZONI! MD Area to b<! protec1ed from 1 •,1, annual cllanoe flOOd 11\1 a Fedtral 
flood plOteellOll S)'INm under ccnstruellOl1; no Base Flooa B-ns 
dfflrmlned. 

ZONI! v CO.st&! IICod zone -.Ith •eloaty hazard (\YIVI •421"'1); no BIM Flood !lcvotlon 
-rmlned. 

IDNI! vr Coa"81 flood tOM with velocity lllzard (wiv. action); Base Rood EIM!tlons 
....,,, ... d. 

rim FLOOOWAY AREAS IN ZONE AE 

TIie fl-w•y ll Ille cl\annd ot • stream p!uJ any adjacent floodplain Oras lllot mu•t be 
~ept free of encroacllment so tllat the ! 'llt annual chance flood can be ar~eo w1t11out 
oubstan~al lncrea,e• In nood heights, 

C:J OTHERFLOODAREM 

ZONI! X Ar<lils of 0.2% 1nnu1I chanet flood; ares of 1% annual chance flood 
1/\ftll a.~ge deplhs of 1ess t11a1n I toot or with d~lr>aQt •reas leas tllan 
I ,quare mile; 111<1 a,us ~ by ie~es f,am 1% annual cMnce 
lkxld. 

C:::J OTHER AReAS 

ZONI! lC Areas Clttermllled to bt ouis1de tne 0,2o/o onnual chance floodp111n. 
ZONI! D Areas In wlllch Hood naza..si are 1.11dotermlned, IJUt P<l5'Wblt, 

~ COASTAL BAARIER RESOURCES SYSTEM (CllRS) AREAS 

~ OTHERWISEPROTI::CTEDARl:AS(OPM) 

C81\S aras and OPAs 1r<1 normally loca!Ald within or ;~cent to Spaclal FIOOd Haza~ ~as. 

•••••••••••••• 

Roodpla"1 boundar, 
Roodway boundary 
Zone O 8ollnclory 
CBI\S and OJ>A B0U""8IV 

This is an official copy of a portion of the abo-ve referenced flood map. tt 
was extracted using F-M IT On-Line. This map does not reflect changes 
or amendments which may have been made subsequent to the date on the 
title block. For the latest product information about National Flood lnsura~ce 
Program flood maps check the FEMA Flood Map Store at www.msc.fema.gov 
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