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CHEMICAL RESISTANCE INFORMATION

POLYFLEX

POLYETHYLENE GEOMEMBRANES

CHEMICAL COMPAT_IB‘ILITY OF POLY-FLEX LINERS

Chemical compatibility or resistance, as applied to geomembranes, is a relative term. Actual compatibility
would mean that one material dissolves in the other such as alcohol in water or grease in gasoline. An example
of incompatibility would be oil and water. In liners it is undesirable to have the chemicals dissolve in the liner,
hence the term compatibility is the reverse of what is normally meant in the chemical industry. In the strict-

est sense and from a laboratory perspective, chemical compatibility, as the term applies to this industry, would
imply that the chemical has no effect on the liner. On the other hand, from an engineering perspective, chemi-
cal compatibility means that a liner survives the exposure to a given chemical even though the chemical could
have some effect on the performance of the liner, but not enough to cause failure. Therefore, one must under-
stand and define chemical compatibility for a specific project.

“Generally polyethylene is effected | by chemicals in one of three ways.

. 1. No effect—This means that the chemical in question and the polyethylene do not interact. The poly-
ethylene does not gain (lose) weight or swell, and the physical properties are not significantly altered.

2. Oxidizes (cross linking)—Chemicals classed as oxidizing agents cause the polyethylene molecules to

cross link and cause irreversible changes to the physical properties of the liner. Basically they make the
liner brittle. ’ '

3. Plasticizes—Chemicals in this classification are soluble in the polyethylene structure. They do hot
change the structure of thé polyethylene itself but act as a plasticizer. In doing so, the liner experiences
weight gain of 3-15%, may swell by up to 10%, and has measurable changes in physical properties
(e.g. the tensile strength at yield may decrease by up to 20%). Even under these conditions the liner
maintains its integrity and is not breached by liquids, provided the liner has not been subjected to any
stress. These effects are reversible once the chemicals are removed and the liner has time to dry out.

Aside from the effect that chemicals have on a liner is the issue of vapor permeation through the liner. Vapor
permeation is molecular diffusion of chemicals through the liner. Vapor transmission for a given chemical is
dependent primarily on liner type, contact time, chemical solubility, temperature, thickness, and concentration
gradient, but not on hydraulic head or pressure. Transmission through the liner can occur in as little as 1-2 days.

Normally, a small amount of chemical is transmitted. Generally HDPE has the lowest permeation rate of the lin-
ers that are commercially available.

As stated above chemical compatibility is a relative term. For example, the use of HDPE as a primary contain-
ment of chlorinated hydrocarbons at a concentration of 100% may not be recommended, but it may be

acceptable at 0.1% concentration for a limited time period or may be acceptable for secondary containment.
Factors that go into assessment of chemical compatibility are type of chemical(s), concentration, temperature
and the type of application. No hard and fast rules are available to make decisions on chemical compatibility.

Even the EPA 9090 test is just a method to generate data so that an opinion on chemical compatibility can be
more reliably reached.

A simplified table on chemical resistance is provided to act as a screening process for chemical containment
applications. : '
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POLY.FLEX

CHE’M.ICAL RESISTANCE INFORMATION

POLYETHYLENE GECMEMBRANES

PRIMARY CONTAINMENT | SECONDARY CONTAINMENT
CHEMICAL CLASS CHEMICAL (LONG TERM CONTACT) (SHORT TERM CONTACT)
EFFECT HDPE LLDPE HDPE LLDPE
CARBOXYLIC ACID 1
- Unsubstituted (e.g. Acetic acid) B C A C
- Substituted (e.g. Lactic acid) A B A A
- Aromatic (e.g. Benzoic Acid) A B A A
ALDEHYDES : 3
- Aliphatic (e.g. Acetaldehyde) B C B C
- Hetrocyclic (e.g. Furfural) C C B C
~AMINE 3
- Primary (e.g. Ethylamine) B C B C
- Secondary (e.g. Diethylamine) C C - B C
--Aromatic (e.g. An‘iline{ B C B C
CYANIDES (e.g. Sodium Cyanide) ' 1 A A A A
ESTER (e.g. Ethyl acetate) 3 B C B C
ETHER (e.g. Ethyl ether) C C B C
HYDROCARBONS 3
- Aliphatic (e.g. Hexane) C C C
- Aromatic (e.g. Benzene) C C B C
- Mixed (e.g. Crude oil) C C B C
HALOGENATED HYDROCARBONS 3
- Aliphatic (e.g. Dichloroethane) +A4 C C B C
. - Aromatic (e.g. Chlorobenzene) C C B C
"ALCOHOLS i
_ - Aliphatic (e.g. Ethyl alcohol) A A A A
- Aromatic (e.g. Phenol) A C A B
INORGANIC ACID
- Non-oxidizers (e.g. Hydrochloric acid) 1 A A A A
- Oxidizers (e.g. Nitric Acid) 2 C C B C
INORGANIC BASES (e.g. Sodium hydroxide) 1 A A A A
SALTS (e.g. Calcium chloride) 1 A A A A
METALS (e.g. Cadmium) 1 A A A A
KETONES (e.g. Methyl ethyl ketone) 3 C C B C
OXIDIZERS (e.g. Hydrogen peroxide) 2 C C C C

Chemical Effect (see discussion on Chemical Resistance)

1. No Effect—Most chemicals of this class have no or minor effect.
2. Oxidizer—Chemicals of this class will cause irreversible degradation.
3. Plasticize—Chemicals of this class will cause a reversible change in physical properties.

Chart Rating

A. Most chemicals of this class have fittle or no effect on the liner.
Recommended regardiess of concentration or temperature (below 150° F).

B. Chemicals of this class will atfect the liner to various degrees.
Recommendations are based on the specific chemical, concentration and temperature.
Consult with Poly-Flex, Inc. :

C. Chemicals of this class at high concentrations will have significant effect on the physical properties of the liner.
Generally not recommended but may be acceptable at fow concentrations and with special design considerations.
Consult with Poly-Flex, Iric.

The data in this table is provided for informational purposes only and is not intended as a warranty or guarantee. Poly-Flex, Inc. assumes no

responsibility in connection with the use of this data. Consult with Poly-Flex, Inc. for specific chemical resistance information and liner
:election. :
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Chemicals Resistance Table
Low Density and High Density Polyethylene

INTRODUCTION
The table in this document summarises the data given in a number of chemical resistance tables
atpresentin use in various countries, derived from both practical experience and test results.

Source: ISOITR 7472, 7474; Carlowitz: ‘*Kunsiswmabellen—s. Auflage”.

The: tabie contams an evaluation of the chemical resistance of a number of Mﬂds ]udgedm be
either _ war 1d high density polyethylene. This ev ion is based.on
value ed by lmmemen of low: and high-density polyethylene test speelmens in-the fluid

: 1€ tiospheric pressure, followed in certain cases by the
deteimination of tensrle charactensbes

Asubsequent class#ﬁcation wﬂl be estabhshed w:th respect to a restneted number of fluids

pdye yIéne prbducbc for the: transpen of stated ﬂmds, mcludng iheir use uhder pressure

SCOPE AND FIELD APPLICATION o

This document establishes a provisional classification of the chemical resistance of low and high
density polyethylene with respect to about 300 fluids. It is intended to provide general guidelines
on the possible utilisation of low and high density polyethylene:

- attemperatures up-to 20 och 60°C
- in the absence of intemal pressure and external mechanical stress
(for example Rexural stresses, stresses due to thrust, rolling loads etc).

'DEFINITIONS, SYMBOLS AND ABBREVIATIONS
The criteria of classification, definitions, symbols and abbreviations adopted in this document are
as follows:

8= Satisfactory

The chemical resistance of low or high density polyethylene exposed to the action of a fluid is
classified as “satisfactory” when the results of test are acknowledged to be isatisfactoryi by the
majority of the countries participating in the evaluation.



L= Limited

The chemical resistance of low or high density polyethylene exposed to the action of a fluid is
classified as imited” when the results of tests are acknowledged to be “lirnited” by the-majority of
the countries participating in the evaluation.

Also classified as “limited” are the resistance to the action of chemical fluids for which judgements
“8” and ‘NS” or “L” are pronounced to an equal extent.

NS = Not satisfactory

The'-,eherﬁieal'-résishnee,of‘;law or high density polyethylene exposed to the acbon of a fluidis
classified as “neot safisfactory” when the results of tests are acknowledged to be “not satisfactory”
by the majority of the-countiies participating in the evaluation.

Also classified as “not satisfactory” are materials for which judgements “L” and “NS” are
pronounced to an equal extent.

Sat.sol Saturated aqueous solution, prepared at 20°C

Sol Agqueous selpﬁon at a concentration higher than 10 %, but not saturated
bil.sol Dilute aqueous selution at a concentration equel to or lowerthan 10 %
Work.sol Aqueous solution having the usual concentration for industrial use

Solution concentrations reported in the text are expressed as a percentage by mass.
The aqueous solutions of sparingly 'soluble chemicals are considered, as far as chemical action
towards low or mgw density polyethylerie is concemed, as saturated solutions.

In general, common chemical names are used in this document.

The table is made as a first guideline for user of polyethylene. If a chemical compound is not to be
found or if there is an uncertainty on the chemical resistance in an appllcahon please contact
Borealis for advise and proposal on testing.



Chemical resistance of low density and high density polyethylene,

not subjected to mechanical stress, to various fluids at 20 and 60°C

Chemical or product

Acetaldehyde
Acetanilide
Acetic acid
Acetn: acld

Aluminium mtrate

Aleminium oxychloride
Alipotassium sulphate
Aluminivm sulphate

Alums. ‘

Aminobenzoic acid
Ammonia, dry gas

Ammonia, liquid

Ammonia, aqueous
Ammonium acetate
Ammonium carbonate
Ammonium chloride
Ammonium fluoride
Ammonium hexafluorosilicate
Ammonium hydrogen carbonate
Ammonium hydrexide
Ammonium hydroxide

Concentration

100 %

108 %

96%

Sat.sel
Sat:sol
Sat.Sd
Sat.sol
Sat.sol
Sat:sol
Sat.sol
Sal

100 %

100%

Dil.sol

Sat.sol

- Sat:sol

Sol
Sat.sol
Sat.sol
10%
30 %

LD
20
L

0
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Chemical or product

Ammonium metaphosphate
Armmonium nitrate
Ammonium oxalate
Ammonium phosphate
Ammonium persulphate
Ammonium sulphate
Ammonium sulphide
Ammomum thiocyanate

Aserbnc acid

Barium bromide
Barium carbonate
‘Barium chloride
Barium hydroxide
Barium sulphate
Barium sulphide
Beer
Benzaldehyde
Benzene

Benzoic acid
Benzoyichloride
Benayl alcohol
‘Benzylsulphonic acid
Bismuth carbonate
Bitumen '
Bleach lye

Coneentration

 Satsol

Sat:sol
Sat.sol
Sat.sol
Sat:sol
Sat.sol
Seol
Sat:sol
100 %
100%
100 %

100 %

90 %

Sat.sol

Sol
HCIMNO, = 311

Sat:sol
10%

Sat.sol
Sat:sol
Sat.sol
Sat:sol
Sat.sol

100 %
100%
Sat.sol
10%

Sat.sol

10 %
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Chemical or product

Borax

Boric acid
Boron trifluoride
Brake fluid
Brine

Bromine, dry gas
Bromine, liquid
Bromoform
Butandiol
‘Butandiol
Butandiol
Butane, gas
Butanol

Butter

‘Butyl acetate
Butyl alcohol
Bu_ ; chleﬂde

Butyiene g!y
Butylene glycol
Butyraldehyde
Butyric acid

Calcium arsenate
Calcium benzoate
Calcium bisulphide
Calcium bromate
Calcium bromide
Calcium carbonate
Calcium chiorate
Calcium chloride
Calcium chromate
Calcium cyanide

Calcium hydrosulphide

Calcium hydroxide
Calcium hypochlorite
Calcium nitrate
Calcium oxide
Calcium perchlorate

Concentration

Sat.sol
Sat.sol

100 %
100 %
100%
10%

60%

100 %
100 %
100 %

100 %
100 %

10%
60 %

- 100 %

100 %

10 %
Sat.sol
Sat.sol
Sat.sol
Sat.sol
40 %

Sol
Sat.sol
Sol
Sat.sol
Sat.sol
1%
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Chemical or product

Calcium permanganate -

Caleium-persulphate
Calcium sulphate
Calcium sulphide
Camphor oil

~ Carbon dioxide, dry gas
- Carbon dioxide, wet

Carbon disulphide
Carbon monoxide
Carbon tetrachloride
Carbemc acid
Castor oil

Chilorine, water
Chlorine, agueous
Chiorine, dry gas
Chigroacetic-acid
.hiombenzene

Chloroform
Chloromethane, gas
Chloroesulphonic acid
Chioropropene
Chrome alum
Chromic acid
Chromic acid
Chromic acid
Chromium Vi oxide
Cider

Citric acid

Citric-acid

Citric acid

Coconut oil alcoholic
Coffee '
Copper {}l} chloride
Copper cyanide -
Copper (Il) fluonde
Copper (If} fluoride
Copper (I} nitrate
Copper (}l) sulphate

Concentration

20%
Sol
Sat:sol
Dil.sol

100 %

100 %
100 %
100 %

Sol

2 % Sat.sol
Sat.sol

100 %

Sol

100 %

100 %
100'%

100 %

100 %

Sol
Sat:sol
20%
50 %
Sat.sol
Sat.sol
10%
25 %

Sat.sol
Sat.sol
Sat.sol
2%

Sat.sol
Sat.sol
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Chemical or product

Com oil
Cottonseed oil
‘Cresylic acid
Crotonaldehyde
Cyclanone
Cyclohexane
‘Cycichexanol
Cyclohexanol

. Cydlehiexanone

Decahydronaphthalene
Decane

Deealin

Detergents, synthetic .
»Bevelepers {photographic)

_xtmse
I, g e’tene alcohol

Dibuiy!phthalate
Dichlorebenzene
Dichioroethylene
Dichloropropylene
Diesel oil

Diethyl ether

Digthyl ketone
Diethylene glycol
Diglycolic acid
Diisobutylketone
Dimethyl amine
Dimethyl formamid
Dioctyl phthalate
Dioxan

Dipentene

. ‘Disodium phosphate
‘Drano, plumbing cleaner

Concentration

Sat.sol
Sat.sol

Sat.sol
100 %
100 %

100 %
100 %
Work.éonc

Sol
Sol

100 %
100 %

100 %
100 %
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Chemical or product

Emulsions, photographic

Ethandiol
Ethanol

Ethanol

Ethyl acetate
Ethyl acrylate
Ethyl alcohol
[Ethyl alcohol
Ethyl benzene
Ethyl chloride
Ethylene chloride
Ethylene diamine
Ethyl ether
Ethylene glycol
‘Ethyl mercaptan

Ferric chioride
Ferric nitrate

Fish-solubles
Fluoboric acid
Fluorine gas
Fluorine gas, dry
Fluorine gas, wet
Fluoresilic acid-

* Fluorosilic acid

Formaldehyde
Formic acid
Fommic acid
Fructose

Fruit pulps
Furfural
Furfuryl alcohol

Gallic acid
“Gasoline, petroi
Gelatine

Concentration

100 %

40%
96 %
100 %
100 %
35%
160 %

100 %
100%
100'%

100 %

Sat.sol
Sat:sol
Sat.sol
Sat.s0l
Sol

- 100 %

100 %
100 %
Conc
40%
40 %
40 %
98to 100 %
Sat.sol
Sol
100 %
100 %

Sat.sol
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Chemical or product

Glucose
Glycerine
Glycerol
"Glycdlic acid
Glycolic acid

n-Heptane
Hexachlorobenzene
Hexachlorophene.
Hexamethylenetriamine
Hexane

Hexanol, tertiary
Hydrobromiic-acid
Hydrobromic acid
Hyd'ech!enc acid

Hydregen chloride
Hydrogen peroxide
-Hydrogen peroxide
Hydrogen sulphide gas
Hydroquinone
Hydroxylamine

Inks

lodine (in potassium sof}
lodine (in alcohol)

Iron (i) chloride

iron (i) sulphate

lron (lt}) chloride

iron (11D nitrate

Iron (Ii}) sulphate

iso octane

Iso pentane

Concentration

100'%
100 %
30%
Sol

100 %

40%

50 %

Upto 100 %
Upto 36 %
Conc

Conc

10 %
Sat:sol
60'%

108 %

Dry gas
30%

90%
100%
Sat.sol
upto12%

Sat.sol
Sat.sol

. Sat sol

Sat sol
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Chemical or product

isopropanol

Isopropyl amine
isopropyl ether

Kerosene

Lactic acid
Lactic acid
Lactic acid
Lead acetate
Lead-acetate
Lead arsenate
Lubricating oil
Lysol

‘Magnesium carbonate
M; um chioride
N urn hydroxide
E ium'nitrate
Magnesium sulphate
Maleic acid

Mercury

Mercury () nitrate
Mercury (1) chloride
‘Mecury (If) cyanide
Mercury

Méethanol

Methyl alcohol
Methyl benzoic acid
Methyl bromide
Methyl chloride
‘Methyleyclohexane
‘Methyl ethyl ketone -
Methylene chloride
Methoxybutanol

Milk

Milk of Magnesia
Mineral oils

10

Concentration
100 %

10%
28%
upto 100%

Dil.sol
Sat.sol

Bat.sol
Sat:sol
Sat.sol
Sat:sol
Sat:sol
Sat:sol

Sel
Sat.sol
Sat:sol
100 %
100 %
100 %
Sat:sol
100%
100 %

100 %

100 %
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Chemical or product

Molasses
Motor cit

Naphtha
Naphtahalene
Nickel chloride
Nickel nitrate
Nickel sulphate
Nicotine
Nicotinic acid
“Nitric acid
Nitric acid
Nitric acid
Nitric acid
Nitrdc acid
Nitrobenzene
Nitroethane
Nitromeéthane
Nitrotoluene

n-Octane

Octyl-alcohol

Oil and-fats

Oleic-acid

Oleum (H2504 + 10 % S0O3)
Oleum (H2504 + 50 % S0O3)
Olive oil '
Orthophosphoric acid
Orthophosphoric acid

Oxalic acid ’

Oxygen

Ozone

Paraffin oil
n-Pentane
Pentane-2
Perchioric acid
Perchloric acid
Perchloric acid

Concentration

Work.conc

Sat.sd
Sat.sol
Sat.sol

Ditsol

25%
50 %
70%
95 %
100 %
100 %
100 %
100 %

100 %

50 %
95 %
Sat.sol
100 %
100 %

20%
50 %
70%
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Chemical or product

Perchlorocthylene
Phenol

Phosphine

Phosphoric acid
Phosphoric acid
Phosphoric (i chioride
Phosphorous (i) chioride
Phosphorous pentoxide
Phesphorous trichloride

Pmnc aad

Plating solutions

ssium acetate

Peta ‘svum alum’tmum sulphate

Po’mssmm cafbenate
Potassium chisrate
Potassium chioride
Potassium chromate
Potassium cyanide
Potassium dichromate
Potassium fluoride

Potassium hexacyanoferrate (1)
Potassium hexacyanoferrate (1l

Potassium- hexafluorosilicate
Potassium hydrogen carbonate
Potassium hydrogen sulphate
Potassium hydrogen sulphide
Potassium hydroxide
Potassium hydroxide
Potassium hypochlorite
Potassium iodate

Potassium iodide

Potassium nitrate

12

Concentration

Sel

100 %
upto25%
2510 50 %
100 %
100 %
100 %
100 %

50 %

- Sat.sol

Sat.sol -

Sat.sol
Sat:sol
Sat:sol
Sat:sol
Sat:sol
Sat.sol
Sat.sol
Sat.sol
Sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sol
10%
Sol
Sol
10%

“Sat.sol

Sat.sol
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Chemical or product

Potassium orthophosphate
Potassium oxalate
Potassium perchiorate
Potassium perthanganate
Potassium persulphate
Potassium phosphate
Potassium sulphate
Potassium sulphlde

Potassium &msulphate
Propargul alcohol
n-Propyl a!cehol
Propionic acid
Propionic acid
Propylene dichloride

" Propylene glycol.
Pyndine

Quinol (hydroguinone)
Resorcinot

Salicylic acid

Sea water

Selenic acid

Silicon oil

Silver acetate
‘Silver cyanide
Silver nitrate

Soap solution
Sodium acetate
Sodium antimonate
Sodium arsenite
Sodium benzoate
Sodium bicarbonate
Sodium bisulphate
Sodium bisulphite
Sodium borate
-Sodium bromide
Sodium carbonate

Concentration

Sat.sol
Saft-.sel
Sat.sol
20%
Sat.sol
Sat.sol
Sat.sol
Sol
Sd;_Sd
Sat:sol
Sat.sol
50%
100 %
100 %

100 %
Sat.sol
Sat.sol

Sat.sol

Sat.sol
Sat.sol
Sat.sol
100 %
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol

Sat.sol
Sat.sol
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Chemical or product

Sedium chlorate

Sodium chloride

Sodium chlorite

Sodium cyanide

Sedium dichromate

SBodium fluoride ~
Sodium hexacyanoferrate (Il
Sodium hexacyanoferrate (i)
Sodium hexafluorosilicate
Sodium hydrogen catbonate
“Sedium hydrogen-sulphate
Sodium hydrogen sulphite
Sodium hydroxide .
Sodium hypochioride
Sedium hypochiorite

Sodium-iodate
Sodium iodide

Sodium nitrate
* Sodium nitrite
Sodium ertophosphate
Sodium oxalate
Sodium phosphate
Sodium silicate
Sodium sulphate
Sodium sulphide
-Sodium sulphite
Sodium thiocyanate
Stannic chloride
Stannous chloride
Starch solution
Stearic acid
Styrene

Sulphur dioxide, dry
Sulphur trioxide
Suiphur acid
Sulphuric acid
Sulphuric acid

14

Concentration

Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat:sol
Sat.sol
Sat.sol
Sat.sol
Sat:sol
Sat.sol
Sol

40 %
Sol

15 %
available Cl
10%
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sat.sol
Sol
100 %
100 %
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Chemical or product

Sulphuric-acid
Sulphuric acid
Sulphuric acid
Sulphuric acid
Sulphureus acid
Sulphurous acid

Tallow
’ Tanmc aad

: Tartanc acid _
Tetrachioroethylene
Tetrachiorcmethane -
Tetradecane

Trichloroacetaldehyde
Trichlorobenzene
Trictiloroethylene
Triethanolamine
Tricthanolamine
Triethylene glycol
Trsodium phosphate
Turpentine

Urea
Urea
Urine

Vanilla extract
Vaseline
Vegetables oils
Vinegar
Water

Wetting agents
Wines and spirits

Chemical or product

Concentration

70 %
%
98 %
Fuming
30%
Sol

Sol
Sat:sol
Sol
100 %
100%

100 %
100 %
Sat.sol
Sol

Sat.sol
Sat:sol
100 %

100 %
100 %
Sol
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Xylene
Yeast

Zinc bromide
Zinc carbonate
Zinc chioride
Zinc oxide
Zinc stearate
Zinc sulphate
o-Zylene
p-Zylene
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2. EXISTING STUDIES OF LINER/LEACHATE COMPATIBILITY
2.1 EPA Method 9090

In 1992, EPA published Method 9090, ‘Compatibility Tests for Wastes and Membrane Liners,” to
set the standard that liners must meet to be protective of human health and the environment. This test has
been used throughout the industry to demonstrate that liners are compatible with naumerous leachate
compositions from municipal and hazardous waste landfills, and surface impoundments. The results of
these studies have been documented and are readily available. The manufacturers of the liners now supply
limitations of the products based on these tests. The results are commonly accepted as reliable and
complete. Since the ICDF leachate contains no unusual or excessive constituents, the industry results for
these lmers is sufﬁc:ent to demonstrate compaublhty

The compatlbmty of GCL and SBL matenals are. usua]ly demonstrated by permeatmg the material
with leachate to determine its permeability. Method 9090 consists of immersing small sample specimens
of a liner material in leachate and periodically measuring changes in the physical properties. The
specimens are removed after 30, 60, 90, and 120 days, then tested to determine changes to the physical
dimensions and mechanical properties. Acceptance criteria for defining compatibility tend to vary.
Compatibility has been defined as geomembrane properties remaining above the minimum suggested
property value or an allowable small percentage of change in properties (e.g., less than 15%) to maintain
the integrity of the liner.

GCL and SBL are tested for compatibility by permeating the material with a leachate solution to
determine effects on the hydraulic performance of the material. Typically, solutions with high
. concentrations of contaminants or pure products are allowed to permeate a sample under confining.. .
" préssiire to'détermine the saturated permeability of the material using"’ASTM methods such as ASTM
‘D5084. A saturated permeability exceeding 1x107 cm/sec would indicate incompatibility.

The HDPE geomembrane and GCL materials planned for the ICDF are considered to be the most
-chemically inert liner materials commercially available for waste disposal facilities. Numerous studies
using EPA Method 9090 and permeability tests, among other testing procedures, have been performed for
waste disposal facilities and in the laboratory providing a good understanding of the compatibility
behavior of these liner materials.

2.2 Published Studies
- -2:21 - - Comparison with - Other Geomembrane 9090 Compatibility Studies

Relevant compatibility studies have been performed at DOE’s Hanford facility near Richland, -
Washington. These projects include the Liquid Effluent Retention Facility (LERF), W-025 landfill, and
the Grout Facility. Other relevant studies include the Kettleman Hills landfill located in northern
California. The results of these published studies indicate that 2a HDPE geomembrane will function well
as a liner beneath the landfill waste or liquid waste in the evaporation pond. The published geomembrane
compatibility studies for the Hanford facility are listed in Section 6 Bibliography of this report.

A comparison between the anticipated ICDF landfill leachate and that used in compatibility tests
for other facilities is summarized in Table 2-1.

2-1



Table 2-1. EPA test meﬂ\od 9090 compatibility studies comparison.

9090 Test

Environmental Restoration Disposal Facility report (USACE 1995).
b. EPA Test Method 9090 “Compatibility Test for Wastes and Membrane Liners” (EPA 1992).

o

Values reported rep
allowable lmnit.

e ™ o0 B

Values based on the “Leachate/Contaminate Reduction Time Study” (EDF-ER-274).
A slight reduction in strength and elasticity of the HDPE liner occurred at the highest doses nsed in (hc testing.
No measurable changes in the HDPE kiner material properties were observed after the testing.
Reported as total inorganics.

Concentrations
or Radiation
Exposure that  ICDF® Leachate
General Demonstrated Concentration/
Type of Material ~Composition of Compatibility Absorbed
Compatibility Study? Tested Leachate in Each Study Radiation
Hanford LERF 60-mil smooth Organics 16.25 mg/L 70 mg/L
HDPE from four
ma_nufacture‘rs
- Hanford W-025 Landfill 60-mil smooth Inorganics - 204210 mg/L - -18,400° mg/L
| L HDPE * Organic 50,000rads = 12,000 rads
Leachate and (landfill)
Radiation 100.000 rads
Exposure (evaporation
pond)
pH 92 3.0
Hanford Grout Facility 60-mil smooth Inorganics 368,336 mg/L 18,400 mg/L
HDPE
' Organic 37,000,000 rads
Leachate-and
Radiation®
Exposure
Organic 16,000,000 rads 12,000 rads
Leachate and (landfill)
Radiation! 100,000 rads
Exposure (evaporation
pond) -
pH >14 8.0
Kettleman Hills - 60-mil smooth Organics 93,040 mg/L 70 mg/L.
Landfills HDPE Inorganics 250,000 fng/L 18,400 mg/L
pH >12 8.0
Unidentified Landfill Textured HDPE Organics 154 mg/L. 70 mg/L.
Study
2 Detailed compatibility test information is provided in Evaluation of Liner/Leachate Chemical Compatibility for the

resent values at which the test was nun, showmg no unacceptable effects. They do not represent an
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HDPE is chemically resistant to inorganic salt solutions and can be incompatible with some
organic solutions at high concentrations (i.e., pure products). Actual compatibility tests from other
landfills show that HDPE is chemically resistant to much higher concentrations of organics in the leachate
than what is expected in the ICDF leachate. The organic concentration in the Kettlemen Hills Landfill
leachate is almost four orders of magnitude higher than what is expected in the ICDF landfill leachate.
The use of general categories of chemicals rather than individual constituents has been accepted by the
EPA for the Environmental Restoration Disposal Facility at Hanford and provide a worst-case scenario
due to possible synergistic effects of mixed compounds.

The EPA Method 9090 tests performed on HDPE geomembrane liner planned for the Grout
Facility included high temperatures and doses of large amounts of radiation. The leachate solution
temperature was increased to 194°F, which is significantly above the standard test temperatures of 73° and

" 122°F required.in Method 9090.-Additionally, the samples were irradiated at doses up to 37,000,000 rads
prior to the testing, significantly decreasing the strength and elasticity (i.e., greater than 25%) of the

_ geomembrane specimens (USACE 1995). Geomembrane samples tested for the W-025 facility did not
produce measurable changes in the HDPE liner properties when irradiated for 120 days with a total dose

" of 50,000 rads. HDPE geomembranes are manufactured with additives to improve ductility and durability
such as carbon black and antioxidants. The literature also indicates that these additives allow higher doses
than standard HDPE material alone (Kircher and Bowman 1964). The literature indicates that thin films
(i.e., 0.002 in.) of different types of HDPE material alone can become brittle when irradiated at doses
between 4,400,000 and 78,000,000 rads. Studies performed using polymer materials show that properties

‘typically begin to change at a total radiation dose of between 1,000,000 and 10,000,000 rads (Koerner
et al. 1990). ‘

The landfill and evaporation pond HDPE geomembrane liners are éxpected to receive a dose from

v theleachate of 12,000 and 100,000 rads; respectively-This is-a conservatively high dose since it assumes

that concentrations of radionuclides are constant in the leachate over the 15-year operational life of the
landfill. Even though conservatively high, the total dose is below the dose found in other studies
(i.e., 1,000,000 rads) that may affect the properties of the geomembrane.

222 Geosyn_thetic Clay and Soil Bentonite Liners

Based on review of the published studies listed in Section 6 (Bibliography), SBL and GCL perform
well unless exposed to high concentrations of divalent cations, very acidic or basic.solutions, or solutions
with a low dielectric constant (such as gasoline). The leachate expected at the ICDF will have a pH of 8,
slightly above neutral. The studies further demonstrate that, when confined, as is the case in the ICDF

landfill, or pre-hydrated, SBLs and GCLs will perform well when exposed to high divalent cation
concentrations. '

Several studies were found that evaluated the impact of SBL permeability with various organic and
inorganic materials. The majority of them used very concentrated compounds, which is not the typical
composition of landfill leachates and when compared with ICDF leachate exceeded concentrations by as
much as an order of magnitude. One study was found that addressed the issue of when leachate
constituent concentrations impact SBL permeability. For this study, four different types of organic
compounds were used as permeants. They included methanol, acetic acid, heptane, and trichloroethylene

- (FCE). The results indicate that soil permeability was not affected by methanol until a concentration-of
80% by volume was used. The acetic acid actually reduced the soil permeability due to dissolution and
reprecipitation of the soil. Heptane and TCE had no effect on permeability when used up to their
solubility limit in water. However, when used in pure form, they increased the soil permeability
significantly (250 to 1,000 times). In addition to the concentration of the permeant used, changes in _
hydraulic permeability are also governed by the mineralogy of the soil (Borders 1986). Although only low
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. concentrations of TCE are predicted in the ICDF leachate, the study demonstrates that high
concentrations of organic constituents are required to affect permeability.

No studies were identified that considered the long-term effects of radiation on the physical
properties of the SBL or GCL materials. Since long-term studies cannot be conducted, conservative
radiation limitations have been employed. Low-permeability soils have been used at multiple DOE

- facilities containing radioactive waste. The only potential adverse reaction that could occur with the SBL.
or GCL would be high heat that could dry out these materials, however, it is anticipated that the
radioactive material placed in the ICDF will not generate any thermal gradients across the liner system.

The concentration of organic material is expected to be approximately 70 mg/L. This is
significantly-below the concentration of a highly concentrated solution so it will not increase the
 permeability of the SBL, and GCL. The amount of radioactivity will be low in the ICDF landfill waste and
- will not generate a significant amount of heat that can desiccate the compacted clay. Additionally, the
- ‘operations layer will provide a 3-ft buffer between the liner system and waste. - - ¥

- 2.3 Manufacturers’ Data
2.3.1 HDPE Geomembrane

The manufacturers of the geosynthetic products proposed for the ICDF landfill have published
maximum allowable concentrations of various chemical compounds that can contact the HDPE
geomembrane without adversely affecting its performance. The most recent recomnmended maximum
concentrations of chemicals were obtained from the manufacturer. A list of the manufacturers’ maximum
allowable concentrations for specific leachate constituents on HDPE material is provided in Appendix C.

i+ 3% 2=-+In-addition; theeffects of radiation exposure with respect to the-geomembrane:physical properties are also-
presented. .

2.3.2 Geosynthetic Clay and SBLs

The GCL underlying the geomembrane in the ICDF landfill and evaporation pond liner consists of
processed sodium bentonite clay sandwiched between two geotextile fabrics. The SBL underlying the
geosynthetic liners also consists of 5% by weight of processed bentonite amendment. Sodium bentonite is
an ore comprised mainly of the montmorillonite clay mineral with broad, flat, negatively charged platelets
that attract water hydrating the bentonite. The swelling provides the ability to seal around penetrations,
giving the GCL its self-healing properties. A GCL product with Volclay® type sodium bentonite

‘manufactured by CETCO will be installed in the landfill and evaporation pond.

The GCL manufacturer allows the use of GCL with few restrictions on maximum chemical
concentrations. The manufacturer does recommend that treated bentonite should be used when directly
exposed to liquids with high concentration of salts (divalent cations) such as in seawater (CETCO 2001).
The concentration of salts in typical seawater is on the order of 35,000 mg/L. (USGS 1989). The ICDF
total inorganic leachate concentration is on the order of 17,000'mg/L, approximately 2 times lower than

" that of seawater. The same compatibility limitation is found in the literature as described in Section 2.1.2.
The bentonite added to the soil for the bentonite liner will have the same limitation, however, to a lesser
extend since only a small percentage (i.e., 5%) is comprised of bentonite. Based on this assessment, the
exposed salts in the brackish leachate will be compatible with the GCL. and SBL underlying the

geomembrane. Notably, this assumes that the overlying HDPE geomembranes must leak before leachate
can come in contact with the GCL or SBL.
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3. WASTE ACCEPTANCE CRITERIA
3.1 Landfill

Individual constituents in the ICDF landfill design inventory were evaluated to determine
maximum allowable ICDF landfill waste concentrations, that if placed in the landfill would generate
feachate compatible with the liner system. Many of the individual design inventory constituents have not
been included in the composition of leachate used for published compatibility studies. However, the
constituents used in the published studies are in similar chemical groups as the constituents in the ICDF
design inventory and therefore, would react similarly with the liner materials. Moreover, the use of
general chemical categories rather than individual constituents provide a worst-case scenario due to
possible synergistic effects of mixed compounds.

 Table 3-1 provides the recommended ‘maximum concentration of chemical categories that, if in the

landfill leachate, may be incompatible with the polymeric or earthen material comprised of the ICDF

" landfill and evaporation pond liner systems. These limits are based on review of the published liner
compatibility studies and manufacturers’ recommendations. The maximum allowable concentration for
HDPE geomembrane, GCL, and SBL. were compared to determine the highest acceptable value. The
lowest of all three values was selected as the suggested maximum concentration. The concentrations
based on the design inventory of waste constituents are also provided in Table 3-1. Where available, the
recommended aximum allowable concentration with regard to liner compatibility for individual
constituents is provided in Tables D-1, D-2, and D-3 in Appendix D for specific organic, inorganic, and
radionuclide constituents, respectively. :

Table 3-1. Maximum allowable concentrations in leachate by chemical category.

Compatible Suggested
Compatible Concentration ICDF Maximum Design Inventory
Chemical Concentration for  for GCL and Concentration or Concentration Dose
Category HDPE Clay Value or Value
Organics 500,000" mg/L. 500,000° mg/L. 500,000 mg/L 70 mg/L.
Acids and 750,000° mg/L 500,000° mg/L 500,000 mg/L 0% mg/L
‘Bases
» Inorganic 500,000° mg/L 500,000° mg/L 500,000 mg/L 17,100 mg/L.
Dissolved Salts No Limit 35,000 mg/L 35,000 mg/L 8,000'x/ng/L°
Strong 1,000 mg/L No limnit 1,000 mg/L. 09 mg/L
Oxidizers
Radionuclides 1,000,000° rads No limit 1,000,000 rads 12,000 rads (15 yr)
800,000 rads (1000 yr)
pH 05-13¢° 05-13.0 0.5-13.0 8.0

2 Based on the manufacturers’ maximum concentration of the list of constituents tested by the manufacturers. The

manufacturers’ recommendations are provided in Appendix C.
b. Based on reported literature values.
Based on the maximum sodium concentration determined in the Geochemical Evaluation.

Strong acids, bases, or oxidizing compounds were not reported in the design inventory.




HDPE Lingr'Mannfatturer’s Compatibility Data
LINER COMPATIBILITY

Identify the manufacturer and the type of liner that will be used in the landfill which will contain the
form R wastes. v
MANUFACTURER:  GSE Lining Techuology, Inc.
LINER TYPE: 60 mil HDPE
Be‘s:erib’e how the following types of chemicals will affect the liner to be used to contain the form R
waste:
aromatic halogenated hydrocarbons - SEE ATTACHED SHEET
aliphatic hatogenated hydrocarbons - SEE ATTACHED SHEET
aromatic hydrocarbons - SEE ATTACHED SHEET
aliphatic hydrocarbons - SEE ATTACHED SHEET
volatile and semi-volatile organics - SEE ATTACHED SHEET
oil and greasc - SEE ATTACHED SHEET '
strong oxidizers - GENERALLY NO SIGNIFICANT EFFECT
acids - GENERALLY NO SIGNIFICANT EFFECT
bases - GENERALLY NO SIGNIFICANT EFFECT
dissolved metals, saits and nutrients - GENERALLY NO EFFECT |

Give an acceptable compatibility limit for each of the compounds on the following pages and
certificate liner manufacturer: i

Signature of Liner Manufacturer:

Matthew W. Adams
Technical Support Chemist

Date

! FORM-R/PAGE 1

C3




Aromatic Halogenated Hydrocarbons

Aromatic Halogenated .H.ydrocarbons tend to be absorbed into polyethylene over long periods of time where they
may function as a plasticizer. As a result, the polyethylene may swell and become softer and more elastic. These
effects are generally reversible if the exposure is terminated.

Since polyethylene ‘consists of a range of molecular weight mdlecu!es and somewhat different branching

arrangements, some lower density polyethylenes may contain fractions that are extractable. Some types of cliemical
stabilizers and processing aids may also be extractable.

Thefse above noted effects increase with increasing temperatare.  Sofiening, swelling and increased elasticity may
rapidly reduce the usefulness of polyethylene as a structural component such as for use as a pressure pipe.
Generally, these effects do not seriously affect the performance of polyethylene as a containment membrane.

GSE HyperFlex® polyethylene geomembranes are manufactured from-a narrow molecular weight range resin
designed to minimize the possibility of extractable fractions and maximize the resistance to stress cracking.

Aliphatic Halogenated Hydrocarbons

Similar effects as for Aromatic Halogenated Hydrocarbors but generally less severe. Some materials have little or
no effect.

Aromatic Hydroecarbons *‘

Again similar to Aromatic Haio’gehated Hydrocarbons but generalty less severe. Many materials have no significant
effect. '

Alipbatic Hydrucarbouns
Again similar, but with further reductions of general severity. Most materials have no significant effect.
Volatile and Semivolatile Organics

These are mostly covered by the previously noted comments about hydrocarbons.

0il and Grease

Mineral, vegetable and animal oi_ls, fats or grease generally have no significant effect.
Strong Oxidizers - Generally no significant effect.
‘Acids - Generally no significant effect.

Dissolved Metals, Salts and Nutrients - Generally no effect.

FORM-R/PAGE 2
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FORMR

LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION LINER/LEACHATE LIMIT
mg/l
Aromatic polychlorinated bipienyl J¢ - ( 2000 )
Halogenated aldrin ( 2600 )
Hydrocarbons dichlorobenzene ( 2000 )
hexachlorobenzene ( 2000 )
pentachlorobenzene ( 2000 )
trichlorobrarecine ( 2000 )
tetrachlorobenzene ( 2000 )
2-chloronaphthalene ( 2000 )
chloronaphttalene ( 2600 )
chiorobenzene ( 2000 )
44-DDT - 2000 )
4,4-DDE ( 2000 )
4,4-DDD ( 2000 )
Aliphatic " bromeform _ ( 2000 )
Halogenated carbon tetrachloride ( 2000 )
Hydrocarbons chiorodibromomethane ( 2000 )
chloroethane ( 2000 )
chiloroform ( 2000 )
dichlorobromomethane’ { 2000 )
dichlorodiftaoromethane ( 2000 )
dichioroethane ¢ 2000 )
dichloropropane ( 2000 )
dichloroethene ( 2000 ) -
ethylene chloride ( 2000 )
ethylene dichloride ( 2000 )
hexachloroethane ( 2000 )
methy! bromide { 20600 )
methyl chloride ( 2000 )
methylene chloride ( 2000 )
tetrachloroethane ( 2000 )
tetrachioroethene { 2000 )
trichiorocthane ( 2000 )
trichloroethene ( 2000 )
trichlorofi hane ( 2000 )
vinyl chloride ( 2000 )
TEMPERATURE 70 °F
FORM-R/PAGE 3
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FORMR

. LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION LINER/LEACHATE LIMIT
: : g/l
Aromatic .acenapthene ( 2000 )
- Hydrocarbons acenaphthylene ( 2000 )
anthracene ( 2000 }
benzene ( 2000 )
benzo(a)anthracene ( 2000 )
benzu(a)pyrone ( 2000 )
benzo(g h,Dperylene ( 2000 )
benzo(k)fluoranthene ( 2000 )
3,4-benzoflouranthene ( 2000 )
chrysene ( 2000 )
dibenzo(a,h)anthracene ( 2000 )
- ethyl benzene ( 2000 )
flouranthene ( 2000 )
flourene ( 2000 )
ideno(1,2,3,c,d)pyrene ( 2000 )
naphthalene ( 2000 )
phenanthrene ( 2000 )]
pyrene ( 2000 )
styrene ( 5000 )
toliene { 5000 )
xylene ( 5660 )
Aliphatic heptane ( 500,000 )
Hydrocarbons hexane ( 500,000 )
octane ( 500,000 )}
TEMPERATURE 70 °F

FORM-R/PAGE 4
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FORM R

LINER COMPATABILITY .
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION - LINER/LEACHATE LIMIT
. mg/1
Volatite & acrolein ( 200,000 )
Semivolatile acrylonitrile ( 200,000 Y
Organics acetone ( 200,600 )
amyl acetate ( 200,600 )
benzidine ( 200,000 )
butyl aloohol ( 500,000 )
bis(2-chloroethoxy)methane ( 2,000 )
bis(2-chloroethosy)ether { 2,000 )
bis(2-chloroisopropy)ether ( 2,000 )
bis(2-etylhexylpththalate ( 2,000 )
4-bromiepheny! phenyl ether ( 2,000 )
butyl benzyl phthalate ( 200,000 )
cresol” ( 100,000 )
chiordane ( 2,000 )
alpha-BHC ( 2,000 )
beta-BHC ( 2,000 )
gamma-BHC ( 2,000 }
delta-BHC ( 2,000 )
dieldrin ( 2,000 )
dichlorobenzidine ( 2,000 )
diethyl phthalate ( 100,000 )
dibutyl phthalate ( 100,600 )
dimethyl phthalate ( 100,000 )
isobutyl alchohot ( 500;000 )
isopropyl alcohel - ( 500,000 )
methyl alcohol (¢ 500,000 )
2-chloroethyl vinyl ether ( 2,000 )
2-chlorophenol ( 2,000 )
dichlorophenol ( 2,000 )
dimethy} phenol ( 2,000 )
dinitro-o-cresol ( 2,600 )
dinitrophenol ( 2,000 )
dinitrotoluene ( 2,000 )
diphenylhydrazine { 2,000 )
ethyl acetate ( 100,000 )
ethyl ether [¢ 2,000 )
ethyl glycol ( 500,000 )
- endosulfan 4 2,000 )
endrin 4 2,000 )
formaldehyde ( 200,000 )
heptachlor ( 2,000 )
hexachlorocyclopentadiene ( 2,000 )
hexachlorobutadicne ( 2,000 )
isophorone ( 2,000 )
methyl ethy! ketone ( 200,000 )
TEMPERATURE 70 °F '
FORM-R/PAGE 5



FORM R

LINER COMPATABILITY .
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION ' LINER/LEACHATE LIMIT
v mg/1
Volatile & methyl isobutyl ketone ( 500,000 )
Semivolotile . nitrophersol ( 100,000 __ L)
Organics N-nitrosodimethylamine ( 100,000 )
{cont.) N-nitrosodi-n-propylamine ( 100,600 )
nitrobenzene ( 100,000 )
penttachiorophenol ¢ 100,000 )
phenol { 100,000 );
pyridine ( 100,000 ).
toxaphene ( 100,000 )
trichlorophenol { 100,000 )
2.4,5-TP(silvex) ( 2 )
TEMPERATURE 70 °F
FORM-R/PAGE 6



FORMR

LINER COMPATABILITY -
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION LINER/LEACHATE LIMIT
: . mg/l :
Acids & acetic acid ( 500,000 )
Bases chromic acid ( 100,000 )
citric acid ( 500,000 )
hydrebromic acid ( 100,000 )
hydrochloric acid { 350,000 )
hydrocyarnic acid 4 100,000 )
hydrofluoric acid { 750,000 )
nitric-acid ( 500,000 )
picric acid ( 500,000 )}
phosphoric acid ( 500,000 )
perchloric acid ( 500,000 )
sulfuric acid ( 500,000 )
potassium hydroxide ( 500,000 ).
sodium hydroxide ( 500,000 ).
Products & antifreeze ( 500,000 )
Various asphalt { 500,000 )
Substances cresols ( 100,000 )
crude oil ( 500,000 )
diesel fuel ( 500,000 )
fatty acids ( 500,000 )
freon ( 500,000 )
fuel oil ( 300,000 )
gasoline { 500,000 )
_hydraulic oil ( 500,000 )
kerosene { 500,000 )
lacquers ( 500,000 )
lubricating oil { 500,000 )
mineral spirits ( 500,000 )
‘naphtha ( 500,000 )
paraffin ( 500,000 )
transformer oil ( 500,000 )
Miscellaneous pH ( 0.5-13.0 pH unit )
strong oxidizers* ( 1000-500,000 )
‘metals, salts, nutrients ( 500,000 )
*potassium permaganate, potassinm dichromate, chlorine, peroxides :
TEMPERATURE 70 °F
FORM-R/PAGE 7






| Technical Note

| ‘(l'lemicdl Resistance Chart

GSE is the world’s leading supplier of high qudlity, polyethylene geomembranes. GSE polyethylene geomembranes are
resistant to a great number and combinations of chemicals. Note that the effect of chemicals on any material is influ-
enced by a number of variable factors such as temperature, concentration, exposed area and duration. Many tests have
been performed that use geomembranes and certain specific chemical mixtures. Naturally, however, every mixture of
chemicals cannot be tested for, and various criteria may be used to judge performance. Reported performance ratings
may not apply to all applications of a given material in the same chemical. Therefore, these rafings are offered as o
guide only. This information is provided for reference purposes only and is not intended as a warranty or guarantee.
GSE assumes no liability in connection with the use of this information.

A

Acetic acid

Acelic acid

Acetic acid anhydride
Acetone

Adipic acid

Allyl alcohol
Atuminum chloride
Aluminum fluoride
Aluminum sulfate
Alum .
Ammonia, aqueous
Ammonia, gaseous dry
Aminonia, liquid
Ammoniom chleride
Ammonium fluoride
Ammonium nitrate
Ammonium sulfate”
Ammonium sulfide
Amyl acetate

Amyl alcohol
Aniling

Antimony trichloride
Arsenic acid

Aqua regia

B

Barium carbonate
Barium chloride
Barium hydroxide
Barium sulfate
Barium sulfide
Benzaldehyde
Benzene

Benzoic acid

Beer

Borax (sodium tetraborate)
Boric acid

Bromine, gaseous dry
Bromine, liquid
Butane, gascous
1-Butanol

Butyric acid -

C

Calcium carbonate
Calctum chiorate
Calcium chloride
Calcium nitrate
Calcium sulfate
Calcium sulfide

Carbon disulfide

Carbon monoxide
Chioracetic acid

Carbon tetrachioride
Chlorine, aqueous solution
Chlorine, gaseous dry
Chloroform

Chromic acid

Chromic acid

Citric acid

Carbon dioxide, gaseous dry

100%
10%
100%
100%
sat. sol.
96%
sat. sol.
sat. sol.
sat. sol.
sol.

dil. sol.
100%
100%
sat. sol.
sol.
sat. sol.
sat. sol.
sol.
100%
100%
100%
90%
sat. sol.
HCI-HNO3

sat. sol.
sat. sol.
sat. sol.
sat. sol.
sol.
100%

sat. sol.
sat. sol.
sat. sol.
100%
100%
100%
100%
100%

sat. sol.
sat. sol.
sat. sol.
sat. sol.
sat. sol.
dil. sol.
100%
100%
100%
sol.
100%
sat. sol.
100%
100%
20%
50%
sat. sol.
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Tkl

Copper chioride
Copper nitrate

Copper sulfate
Cresylic acid
Cyclohexanol
Cyclohexanone

D
Decahydronaphthalene
Dextrine

Diethyl ether
Dioctylphthalate
Dioxane

E

Ethanediol

Ethanol

Ethyl acetate

Ethylene trichloride

F

Ferric chloride
Ferric nitrate
Ferric sulfate
Ferrous chloride
Ferrous sulfate
Fluorine, gaseous
Fluorosilicic acid
Formaldehyde
Formic acid
Formic acid
Furfuryl alcohol

G

Gasoline

Glacial acetic acid
Glucose
Glycerine

Glycol

H

Heptane
Hydrebromic acid
Hydrobromic acid
Hydrochloric acid
Hydrochloric acid
Hydrocyanic acid
Hydrofluoric acid

‘Hydrofluoric acid

Hydrogen

Hydrogen peroxide
Hydrogen peroxide
Hydrogen sulfide, gaseous

L
Lactic acid
Lead acetate

m

Magnesium carbonate
Magnesium chioride
Magnesium hydroxide
Magnesivm nitrate
Maleic acid

Mercuric chloride

sat. sol.
sat. sol.
sat. sol.
sat. sol.
100%
100%

100%
sol.

100%
100%
100%

100%
40%

100%
100%

sat. sol.
sol.
sat. sol.
sat. sol.
sat. sol.
100%
40%
40%
50%
98-100%
100%

96%
sat. sol.
100%
sol.

100%
50%

10%
35%
10%
4%

100%
30%
90%

- 100%

100%
sat. sol.

sat. sol.
sal. sol.
sat. sol.
sat. sol.
sat. sol.
sat. sol.
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] . Resistonce of: L ‘ ) _ Resistonce otz .
| Medivm Concentrotion 20°C- . 60°C Medigm - - : Contentration 20°0€C - - 602€C. ¢
¥ : . o 3 (68°p) - (140°RF) IR o {68 °F).
ercuric cyanide sat. sol. S S Silver acetate sat. sol. S s
Aercuric nitrate sol. S S Silver cyanide sat. sol. S S
Mercury 100% S S Silver nitrate sat. sol. S S
Methanol 100% S S Sodium benzeate sat. sol. S S
Methylene chioride 100% L — Sedium bicarbonate sat. sol. S S
Milk _ S S Sod}um bx_phosphate sat. sol. S S
Molasses - S S Sodium bisulfite sol. S S
Sodium bromide sat. sol. S S
N . Sedium carbonate sat. sol. S S
Ngckel c[alorlde sat. sol. S S Sodium chlorate sat. sol. S S
Nickel nitrate sat. sol. S S Sodium chloride sat. sol. S S
Nickel sulfate sat. sol. S S Sodium cyanide sat. sol. S s
Nicotinic acid dil. sol. s — Sodium ferricyanide sat. sol. S S
Nitric acid 25% S 5 Sodium ferrocyanide sat. sol. S S
Nitric acid 50% S u Sodium fluoride sat. sol. S S
Nitric acid 5% U U Sodium hydroxide 40% S S
Nitric acid 100% U u Sodium hydroxide sat. sol. S S
o) Sodium hypochlorite 15% active chlorine  § S
Oils and Grease — S L Sodium nitrate sat. sol. S S
Oleic acid 100% S L Sodium nitrite sat. sol. S S
Orthophosphoric acid 50% S S Sodium orthophosphate - sat. sol. S N
Orthophosphoric acid © 95% S L Sodium:sulfate sal. sol. S S
Oxalic acid sat. sol. S "8 Sodium sulfide sat. sol. N S
Oxygen 100% S L Sulfur diexide; dry 100% S S
Ozone 100% L 1 §] Sulfur trioxide 100% Y U
| . |Sulfuric acid . 10% S S
) Sulfuric acid 50% S S
Petroicu (kerosenc) - 3 5 Sulfuric acid 98% S U
- o
Phosphorus trichloride 100% S L gﬁ}g:::u:c;g d :f;x(x)r‘r};ne lSJ lsj
Photographic developer cust. conc. S S
Picric acid sat. sol. S — L
Potassium bicarbonate sat. sol. S S Tannic acid . sol. S S
Potassium bisulfide sol. S S Tartaric acid sol. S S
Potassium bromate sat. sol. S S Thionyl chloride 100% L YU
Potassium bromide sat. sol. S S Toluene . 100% L U
Potassium carbonate sat. sol. S S Triethylamine sol. S L
| Potassium chiorate sat. sol. S S U
| Potassium chiloride sat. sol. S S Urea sol. 5 S
Potassium chromate sat. sol. S S Urine — S S
Potassium cyanide sol. S- S
Potassium dichromate sat. sol. S S w
Potassium ferricyanide sat. sol. S S Water - 5 S
Potassium ferrocyanide sat. sol. S S Wine vinegar - s S
Potassium fluoride sat. sol. S S Wines and liquors - S S
Potassium hydroxide 10% S S X
Potassium hydroxide sol. S S Xylenes 100% L U
Potassium hypochlorite sol. S L Y :
Potassium-nitrate ) sat. sol. S S .
Potassium orthophosphate sat. sol. S S Yeast sol. § s
Potassium perchlorate sat. sol. S S z
Potassium permanganate 20% S S Zinc carbonate sat. sol. S S
Potassium persulfate sat. sol. S S Zinc chloride sat. sol. S S
Potassium sulfate sat. sol. S S Zinc (1) chloride sat. sol.’ S S
Potassium sulfite sol. S S Zinc (IV) chloride sat. sol. S S
Propionic acid 50% S S Zinc oxide sal. sol. S S
Propionic.acid 100% S L Zinc sulfate sat. sol. S S
Pyridine 100% S L
Q Specific immersion testing should be undertaken to ascertain the suitability
Quinol (Hydroguinone) sat. sol. S S of chemicals not listed above with reference to special requirements.
S
Salicylic acid sat. sol. S S
NOTES:

(S) Satisfactory: Liner material is resistant o the given reagent af the given conceniration and temperature. No mechanical or chemical degradation iy observed.

{1.) Limitcd Application Possibie:  Liner material may reflect some atiack. Factors such as concentration, pressure and temperature directly affect liner performance against ihe
given media. Application. however. is possible under less severe comditions. e.g. lower concentration. secondarsy containment. additional liner protections. ete.

{U) Unsatisfactory: Liner ial is not resi to the given reagent at the given concentration and temperature. Mechanical and/or hemical degradation is observed.

~) Not tested

sat. sul. = Sanurated aqueons solution. prepared ar 20°C (63 F)

sol. = aqueons solwion with concentration ahove )% but below saturarion level

dil. sol. = diluted aqueons solution with concentration below 10%:

 eust. CONC. = customary service coRcentration

TNO32 ResistChant R03/17/06

This information is provided for reference purpases only-and is ot intended as & worranty of guarontee: GSE ossumes no liobilily in connection with the-use of this information. Please check with
GSE for-current, stondard minimum quality assuronce procedures and specifications: ’

GSE and other wademarks in this document are registered trademarks of GSE Lining Technology, Inc. in the United States and cenain foreign countries.

Horth-Americe GSE Lining Technology, Inc. _ Houston, Texas 800 4352008 281 443 8564 Fox: 281 230 8650
Sovth America GSE Lining Technology (hile S.A. Sontigo, Chile 56 2 595 4200 Fox: 56 2 595 4290
Asia Padfic 6SE Lining Technology Company Limited Bungkek, Thailund 662 937 0091 Fox: 662937 0097
torope & Africo GSE Lining Technology GmbH Homburg, Germany 49 40767420 Fox; 49 407674234
Middie East GSE Lining Technology-Egypt The 6th of October Gity, Egypt 207 2828 8888 Fox: 202 7 828 8889

www.gseworld.com



Appendix D ' o

Suggested Maximum Leachate Concentrations for
Individual Constituents
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Chemical Resistance

INTRODUCTION )

Outstanding resistance to both internal and external chemical attack has made the SCLAIRPIPE system the material of
choice for the transport of lower temperature (below 150°F) fluids in adverse chemical environments. High-density
polyethylene is chemically inert to a wide range of industrial chemicals.

The chemical, its concentration in the fluid, its temperature, its contact time with the piping material and other service
conditions, determines the suitability and expected service life of the SCLAIRPIPE system for the application. For most
bases, acids, inorganic salts and other chemicals, you usually apply the same design parameters as considered for water
service conditions. Chemical attack of SCLAIRPIPE may be divided into three categories: OXIDATION, STRESS-
CRACKING and PLASTICIZATION.

OXIDIZERS are the only group of materials which are capable of chemically degrading the SCLAIRPIPE system.
Some strong oxidizers have only a gradual effect on the pipe, therefore short-term effects are not measurable. 1f
continuous exposure is expected, chemical effects should be def{:)eed. The following oxidizers are unsuitable for long-term
contact with the SCLAIRPIPE system: Nitric acid (fuming), Sulphuric acid (fuming), Aqua Regia, wet chlorine gas and
liquid bromine. However, weaker solutions of mineral acids, such as battery acid or reagent nitric acid, do not attack the
pipe. Other common oxidizing agents, such as hydrochloric acid, hydrofluoric acid, ghydmbromic acid and hydrogen
peroxide have been shown to have no measurable effects on SCLAIRPIPE after 3 or 4 years’ exposure. -

STRESS CRACKING AGENTS are chemicals that accelerate the cracking of polyethylene when subjected to stress,
but have no chemical effect on the material itself. Although some polyethylenes are extremely sensitive to brittle fracture,
SCLAIRPIPE is highly resistant to this type of failure. .

PLASTICIZERS are chemicals that can be absorbed to varying degrees by polyethylene, causing softening, some loss
of yield strength and some gain in impact strength. These plasticizing materials cause no chemical degradation of
polyethylene and they are not solvents for the material. SCLAIRPIPE is designed to give high resistance to this absorption
and consequent weakening, but if it is to be exposed continuously to these environments, an added safety factor should
be applied. Some of these materials are sufficiently volatile that when they are removed, the pipe will “dry out” and return
to its original strength. Intermittent exposure to these materials, therefore, has litde or no effect on SCLAIRPIPE.

GENERAL GUIDE TO RESISTANCE OF SCLAIRPIPE TO VARIOUS CHEMICALS

This chemical resistance chart is a comprehensive listing of chemicals, concentrations and pipe resistance at two
temperatures. In all cases, SCLAIRPIPE at higher temperatures should be considered to have variable resistance. Contact
your KWH Pipe representative for design assistance. in these applications.

CODE: R = Resistant

VR = Variable resistance, depending on conditions*
NR = Not resistant

O = Oxidizer

P = Plasucizer
SC = Potential stress-cracker

*The classification “variable resistance” is very broad. Depending on the nature of the chemical, its concentration, the
service temperature and pressure and the time of exposure, SCLAIRPIPE can be either very resistant or very susceptible
to attack. Therefore, when SCLAIRPIPE is said to have variable resistance to a chemical, it is strongly recommended that
caution be exercised-and that the specific application be discussed with a technical representative of KWH Pipe.

Installation of this 8 inch seties 125 SCLAIRPIPE tailings line called Polyethylene’s abrasion resistance and chemical inertness were
for it to be supported on a trestle to maintain grade. Note the guides prime considerations in the decision te specify SCLAIRPIPE in this
Jocated at regular intervals to hold the pipe on the trestle during process pipe -application.

thermal expansion and contraction situations.
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Acetic acid, 20%
Acetic acid, 80%

‘Acetone

Aicchol, ethyl
Alcohol, isopropy!
Aicohol, methyl
Aluminum saits
Alums
Ammoniacal liquor
Amy! acetate
Aniline

Aqua Regia
Arsenic acid, 80%
Barium salts

Beer

Benzone (benzol)
Benzoic acid
Bleach plant wastes

Bieach 12.5% active chlorine

Bieach 5.5% active chlorine
Boric acid

Bromine, liquid
Bromic acid

Brine

Butadiene

Butane

Butylene

Caicium salts
Calcium hydroxide
Calciuny hypochlorite
Carboen disullide
Carbon tetrachioride
Chioric acid, 20%
Chlorinated water
Chiorine {gas or liquid)
Chlorobenzene
Chioroform

Chromic acid, 50%
Copper salis

Corn Oit

Cresol

Creosote, coatings
Cyclohexane

. Cyclohexano!

Detergent, synthetic
Developers, photographic
Dextrin

Dichloroacetic acid
Dichlorobenzene
Dichioroethylene

Diesel fuels

Diethylene glycol

. Dimethylamine
-Ethers

Ethylene giycol
Ethylene dichloride
Fatty acids

Ferric salts

Ferrous salts

Flourine, agueous
Formaldehyde

Formic acid

Fuel oil

Furtural

Gas, natural methane
Gasoline

Gelatin

Glycerine

Glycols

Gilycolic acid

Heating oil

Hexane

Hydrobromic acid, 20%
Hydrochtoric acid, 30%
Hydrofluoric acid, 10%
Hydrogen peroxide, 90%
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SC
sC
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Hydrogen sulfide
Hypochlorous acid
lodine, alc. sol.
Isooctane
Kerosene

Ketones

Lactic acid, 25%
Lead acetate
Linseed Oil
Lubricating oils
Magnesium salts
Maganese sulface
Mercury .
Methy! bromide
Methy! chioride
Methyl cyclohexane
Methy! ethyl ketone
Mineral oils

‘Mixed acids (sulfuric & Nitric)

Mixed acids (sulfuric & phosphoric)
Molasses

Monochiorobenzene

Naphtha

Nitric-acid, 0 - 50%

- Nitric acid, 60%

Nitric acid, fuming

Nitrous acid

Qil, animal & vegetable
Oleic acid

Cleum-

Oxalic acid

Paraffin

Perchloric acid, 10 - 70%
Petroleum, crude asphaitic
Petroleum, crude paraffinic
Phenol

Phosgene, gas

Phosgene, liquid
Potassium salts

Potassium permanganate, 25%
Propylene glycol

Pulp-mill wastes (red & black liquor)

Sea water

Sewage, residential

Silicic acid

Silicone oil

Silver salts

Soap solution (concentrated)
Sodium salts

Sodium chlorite

Sodium chiorate

Sodium hydroxide (caustic soda)
Sadium hypochlorite
Stannous chloride

Starch solution

Stearic acid

. Suffite liquor

Sulfur dioxide
Sulfuric acid, 0 - 90%
Sutturic acid, 90 - 100%
Sulfurous acid
Tannic acid

Tartaric acid
Tetrabromoethane
Telrachloroethane
Tetrahydrofuran
Toliene

Transformer oil
Trichloroethylene
Turpentine

Urea

Vinegar

Whiskey

Xylene

Zinc salts

co
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73°F  120°F
R R
R R
NR NR
VR VR
NR NR
R VR
R R.
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NR NR
VR NR
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R VAR
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NR NR
VR NR
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VR NR
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VR NR
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Design Considerations Related to Environment

BIOLOGICAL REACTIONS

Polyethylene is inert to biological degradation. It is indigestible, has no food value and will not support the growth of
organisms of any kind.

Algae and Marine Growths: ‘

The smooth surface of SCLAIRPIPE polyethylene pipe, particularly on the inside, discourages the adherence of algae
growths. Under essentially static conditions of flow, algae may deposit on the inside walls, but they flush off readily at
fow velocities of flow. Barnacles, limpets and other similar types of matine growth are not attracted to the surface of
SCLAIRPIPE; where they have become established, their size of growth and thickness of encurstation have been
significantly smaller than those associated with other materials.

Termites, etc.: .
SCLAIRPIPE is not attacked by termites, ants or other burrowing insects, or by marine worms such as teredos.

Rodents: .
SCLAIRPIPE can be damaged by rodents but is not preferentially attacked by them. In ground infested by gophers or
groundhogs, pipe should be placed more than 30 inches below the surface. o

Toxicity:

The resin compound used in the manufacture of SCLAIRPIPE contains nothing which can be extracted by prolonged
contact with water. It imparts no taste or odours to potable water. The antioxidant added to the compound to prevent
thermal degradation during processing is of a type and in a quantity approved by Food and Drug control administrations
in Canada, the United States, Great Britain and most European countries, for contact with food and potable water.

SUNLIGHT AND WEATHER

SCLAIRPIPE contains finely divided and thoroughly dispersed carbon black which gives virtually permanent protection
against ultra-violet light. However, if pipe is intended for installation above ground, particularly in desert locations, it
should be remembered that other problems may arise related to temperature differentials rather than simple degradation.
These are discussed below under “Temperature”.

Exposure to conditions of alternating wetness and dryness or freezing and thawing does not require any special
precaution. :

TEMPERATURE

Operating Temperatures:
As with all homogeneous thermoplastic piping, polyethylene pipe loses stiffness and tensile strength as its temperature
increases. SCLAIRPIPE is not normally recommended for use at temperatures in excess of 140°F. For systems where the
service temperature frequently exceeds 73°F, the rated allowable working pressure of the pipe should be decreased.

The required pipe DR rating can be selected by using the minimum pressure rating, determined from Figure 4. The
pipe chosen should have a long-term pressure rating at least as high as that determined from the following relationship:

REQUIRED PIPE = MAXIMUM OPERATING PRESSURE
PRESSURE RATING THERMAL SERVICE FACTOR

The required pipe DR rating is the closest available pressure rating above the calculated pressure rating.

The graph in Figure 4 is based on the same information as is used to derive the service life and margin of safety
recommended for pipe operating at 73°F. The broken section of the curve is based on limited extrapolations of laboratory
data. Care should be taken to ensure that pressure ratings determined by using this section are based on the worst possible
conditions of temperature and pressure. :

THERMAL SERVICE FACTOR

‘llllllilllll.ii
Py

Figure 4: Thermal Service Factors for SCLAIRPIPE used ar Service Temperatures higher than 73°F



Index :

For gravity pipe in which the internal pressure is effectively zero, the service temperature should not exceed 150°FE. Where
there is high external stress on the pipe, the pipe DR rating may have to be selected by using the same thermal service
factor as is used for pressure pipe. IF the service requirements watrant a reduced service hife or a different margin of safery,
a qualified representative of KWH Pipe should be consulted for assistance.

Thermal Expansion:

The coefficient of thermal expansion for SCLAIRPIPE under completely unrestrained conditions is 8 x 105 in./in./°F.
(14 x 10-5cm./cm.°C). However, in most conditions of installation, some restraint is automatically provided. With pipes
of 4 inch nominal diameter or greater, simple burial under 2 feet or more of soil usisally provides ample restraint. Under
these conditions, expansion or contraction due to temperature changes does not occur and no design considerations are
required to provide restraint. Pipe installed in a trench should be at the temperature of the wench bottom before:
backfilling is started. The temperature differences after backfilling will not have any contraction or expansion effects
because of the friction between the soil and pipe.

Smaller diameter pipes, i.e. '/2” 16 3”7, should be snaked during installation in the trench, regardless of the burial depth,
to increase the restraint available from friction with the soil. )

If unrestrained, a pipeline installed above ground will tend 10 move laterally as a result of temperature changes,
especially if the line is empty. If space is limited, or if the line is installed on a pipe bridge, restraining supports must be
provided. When lateral movement is restricted, expansion will take place in either length or diameter, whichever is less
restrained. (See Construction brochure, Surface Installation Section, for further details).

Of particular importance in design is the condition in which pipe passes from an area of adequate restraint into an area
of poor restraint. Failures can result if the pipe and connections do not have adequate support at points of transition from
large fixed structures to less restricting con£tions. (See Construction brochure, Buried Installation Section, for further

details).

Thermal Conducitivity:

Polyethylene is a relauvely poor conductor of heat compared to metals. The coefficient of thermal conductivity for
_SCLAIRPIPE is approximately 2.5 BTU/hr/fi2/°E. per inch of thickness. As a result, temperatures which are unevenly

applied do not dissipate readily and thermal effects can be localized. :

This property can be used to advantage in water systems in cold climates. The slow heat transfer inhibits freezing and,
if the usual precautions are taken with respect to depth of burial, accidental freezing is practically eliminated. If the pipe
does freeze, it does not burst and will resume its function upon thawing.. Cyclical freezing, as in lines used for summer
service only, is well tolerated but it is recommended that such lines be depressurized at shutdown. Irrigation lines have
been operated in this way for many seasons without damage.

Localization of heated areas can cause noticeable deformation of the pipe. Solar heat, absorbed on one side of the pipe,
is not readily conducted to the other side. Lines installed on the surface of the ground, unprotected from solar exposure,
will require extensive anchoring to confine and control movement. The principle of design for such systems is to ensure
that the movement is controlled over short lengths and is confined within a convenient plane where room to
accommodate the movement can be provided.

INCIDENTAL DAMAGE

‘Despite its toughness and resilience, SCLAIRPIPE may be scuffed or scratched on the outside surface during handling.

This does not affect its serviceability unless severe gouging or cutting rakes place. In general, specifications should call for
E Ee wall thickness. V-shaped cuts of any depth

repair or removal of pipe which is gouged to depths greater than 10% oft

occuiring on the inside of the pipe must be removed.

At Kirkland Lake in Northern Ontario, a gravity sanitary sewer of In this mine tailings applications, 36 inch series 60 SCLAIRPIPE is

18 inch SCLAIRPIPE is installed in a rock tunnel. Pipe is laid above installed at grade on a prepared right of way. The pipe routing

ground, tied down to wooden sleepers and secured with rock incorporates a number of gentle bends to accommodate thermal.

anchors. . expansion and coniraction forces, minimizing the overall stresses
on the pipe.
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’ aw* Shaw Ervironmental, Inc.
Client: 'Clinton Landfill No. 3, Inc.
Project: Clinton LF. No. 3 Chemical Waste Unit

. Calculated By: PCT Date: 10/02/2007
Title: GROUNDWATER SEEPAGE Checked By: JPV Date: 10/08/2007

Problem Statement:
Calculate inward leakage through the composite liner (CSL) design based on Giroud et al. (1989).
Given:

1) Inward gradient with 27 feet of head on the liner during operational and post-closure periods (assumed maximum
potentiometric elevation of 691.4 ft. MSL (measured in Well EX-4 in.Nov. 2004) and top of leachate drainage layer at
“lowest elevation equal to 664 ft. MSL (assumes drainage layer completely saturated, see Drawing D6)

— .. 69141t -664ft. =274t
2) Poor contact between the geomembrane and the compacted earth liner is considered.

3) The rate of leakage was calculated using the equation: where Q = (0.0008) * (X ®*'°); source for the equation is
Giroud and Bonaparte (1989): Leakage Through Liner Constructed With Geomembrane-Part Il, (VI, pp. 71-111)

Solution:

The rate of leakage through geomembrane defect (Q) expressed in m*/s/ acre =
Q = (0.0008) « (X**'"%) (Source: IEPA based on Giroud and Bonaparte (1989) )

Where,
X = Leachate depth on top of top of the geomembrane (m)
Q = Flow rate or leakage rate (m/yr) = (0.0008) « (X°'9176)
Calculation:
X = Leachate depth on top of top of the geo;nembrane =274ft. =8.3515m
Q = Rate of leakage = (0.0008)  (X**'"%) = 6.20E-3 m/yr

0.0206 ft/yr
0.2476 inlyr

T:\Projects\20071128017 - Clinton TCSA\Design\Leachate\seepage
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Page: 1 of 3
Client: Clinton Landfill, inc.

\ Project: Clinton Landfill No. 3 Chemical Waste Unit
® = '

Shaw Environmental, Inc. Proi-# 128017
Calculated By: PCT Date: 10/9/07
Checked By: JPV Date: 10/9/07

Sk

TITLE: LEACHATE HEAD (LEACHATE COLLECTION DESIGN)

Problem Statement:

Determine the leachate head on the landfill liner system. The leachate collection system is designed
to maintain a maximum one (1) foot of head of leachate on the liner,

Given:
1. Richardson, G., Design of Waste Containment and Final Closure Systems. ASCE
Publication, April 2001. (Please see attached pages.)
2. Landfill celiular design presented in the design drawings.

Assumptions:

1. Giroud’s Approximate Numerical Solution used to calculate leachate head on a liner.

\/tanz (8)+ 4% -tan(g)
max = (1) 2005(6) (L)

t

Where :

t.x = leachate head onlandfill liner (ft)

B =slope angle (degrees)

q, =leachate generationrate (ft/yr)

k =hydraulic conductivity of drainage material (ft/yr)
L =maximum horizontal drainage distance (ft)

j =numerical modifying factor givenas:

5/8 2]
8[—“h]
_ 7

i=1-0.12 1=l
J exp1-og 5tan® (8)

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\leachate_head.wpd
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Client: Clinton Landfill, Inc.
Project: Clinton Landfill No. 3 Chemical Waste Unit
Shaw" shaw Envionmental, Inc. Prol. #: 128017
Caiculated By: PCT Date: 10/9/07
Checked By: JPV : Date: - 10/9/07

TITLE: LEACHATE HEAD (LEACHATE COLLECTION DESIGN)

2. The leachate collection system was analyzed as follows:
- The maximum flow length (L) to a leachate collection pipe is 170 feet.

3. q, = 1.872 ft/lyr = Estimated maximum leachate generation rate due to percolation of
moisture through the waste during the operational and closure periods of the proposed
landfill. It was conservatively assumed equal to the Peak Daily Value from the HELP
Model Intermediate Cover Scenario results — 0.06154 inches/day = 1,671
gallons/acre-day (refer to Appendix 1.12).

4. g, = 0.0206 ft/yr

5. g, = q.+ g, = 1.8926 ftiyr

6. k

___3.0*10'2 cm*[ 1in ]*( 1ft ]* 86,400 sec |, (365 days =31,039.4ft
sec 254cm) {12in 1day 1year year

7. Slope of liner = 2.66%, therefore, tan(f) = 0.0266
8. Chemical Waste Unit is at field capacity
9. The final cover is in place

Calculations:

j=1-0.12exp{-|{log| —=+*=

.
o(1:8926 o
31.039

_ LY L 0.9101
5(0.0266)

j = 1-0.12expA

1
Q
Q

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\leachate_head.wpd
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Client: Clinton Landfill, inc.
Project: Clinton Landfill No. 3 Chemical Waste Unit
NAW ° Shaw Environmental, Inc. Proi- # 128017
Calculated By: PCT Date: 10/9/07
Checked By: JPV Date: 10/9/07

TITLE: LEACHATE HEAD (LEACHATE COLLECTION DESIGN)

\jtanz (B)+4 % —tan(B)

toax = (f) '2 cos (,3) (L)
2 (1.8926) ‘
\/{(0.0266) 4 5 asg) | 00268

tm = (0.9101) (170)

2cos(tan~'(0.0266))

tha = 0.329 feet

Results:

The leachate drainage and collection system has been designed to maintain less than one (1) foot
of head above the liner.

T:\Projects\2007\128017 - Clinton TCSA\Design\LeachateVleachate_head.wpd
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CAPACITY OF
LEACHATE COLLECTION PIPE
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J° Shaw Environmental, Inc.

Page: 1 of 4
Client: Clinton Landfill, Inc
Project: Clinton Landfill No. 3 Chemical Waste Unit
Proj. #: 128017
Calculated By: PCT Date: 10/4/07
Checked By: JPV Date: 10/9/07

TITLE: CAPACITY OF LEACHATE COLLECTION SYSTEM PIPING

Problem Statement:

Determine the following to verify that the proposed 6-inch diameter leachate collection system piping
has sufficient capacity-to accommodate the anticipated leachate flow volumes.

1.

2.

Given:

4.

5.

Maximum allowable flow through a 6-inch diameter leachate collection pipe.

Anticipated leachate flow volume through the leachate collection piping system based
on the estimated maximum leachate generation rate due to percolation of moisture
through waste (refer to Appendix |.12).

Calculation “Leachate Storage Tanks(s)” contained within this application (refer to

Appendix [.6).

HELP Model results contained within this application (refer to Appendix 1.12)

Calculation “Earthioads on the Leachate Collection System” contained in this
application (refer to Appendix 1.7).

KWH Scl.airpipe® product information (refer to attached pages).

Landfill design located in the design drawings contained in this application.

Assumptions:

1.

Formula used to calculate the maximum allowable flow for the design pipe:

1.486

Q
max n

=—— AR(Z/ 3)8(1/ 2) Manning's Equation

1TD2

R =

»l o

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\flow capacity. wpd
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Client: Clinton Landfill, Inc
Project: Clinton Landfill No. 3 Chemical Waste Unit

J° Shaw Envionmental, Inc, Proi-#: 128017

Calculated By: PCT Date: 10/4/07
Checked By: JPV Date: 10/9/07

TITLE: CAPACITY OF LEACHATE COLLECTION SYSTEM PIPING

Where,

Q,,.x = Maximum allowable flow (ft*/sec)
n = Manning’s roughness coefficient

A = Pipe flow area (ft?)

D = Inside pipe diameter (ft)

R = Hydraulic radius, for pipes flowing full
S = Channel slope (ft/ft)

‘Formula used to calculate anticipated leachate flow volumes:
Q=qgA

Where,
Q = Leachate flow volume
g = Leachate generation rate
A = Surface area drained by pipe trench

n = 0.010 for HDPE pipe

Diginch spriyy = 5.348 inches = 0.446 ft (reference KWH Sclairpipe® / Earthloads
calculation)

S, = 0.0055 ft/ft (conservatively assumed for settlement)

q, = 1.872 ft/yr = Estimated maximum leachate generation rate due to percolation of
moisture through the waste during the operational and closure periods of the proposed
landfill. 1t was conservatively assumed equal to the Peak Daily Value from the HELP
Model Intermediate Cover Scenario results — 0.06154 inches/day = 1,671
gallons/acre-day (refer to Appendix 1.12). The area contributing to the flow in the
leachate collection pipe is assumed to be the plan view area of the cell. The largest
area will be Cell CWU1 (approximately 11.4 acres). '

T:\Projects\2007\128017 - Clinton TCSA\Designmteachate\flow capacity.wpd
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Client: Clinton Landfill, Inc

Project: Clinton Landfill No. 3 Chemical Waste Unit

AW ® Shaw Environmental, Inc. Proi-# 128017
Calculated By: ~ PCT Date: 10/4/07

Checked By: JPV Date: 10/9/07

. TITLE: CAPACITY OF LEACHATE COLLECTION SYSTEM PIPING

Calculations:

Maximum Allowable Flow for an SDR-11, 6-inch Pipe, Q...

1102

Q — 1.486 AR(%)S1(1,2) = 1.486 o {9](2,3) S1(1/2)
max n n 4 4
1 (0.446)* )( 0.446)%/?
G i o e
0 399_@3 7.48gal [6OSec]
DA #3 min

Q,..x =179.07 gpm (leachate collection pipe and leachate header pipe)

Leachate Flow Volume

Convert g to feet per minute:

day
1440min

q=1 872£[ year ] week
’ min

yr \52weeks )| 7days

]=35.71x10‘7_ﬁ_

Calculate the area of the largest cell:
A = 11.4 acres = 496,584 ft?

Calculate leachate flow volumes for an SDR-11, 6-inch diameter pipe:

Q =gA
=(35.71x1077 i_](496,584 ftz)[7'48 ga']
min ﬂ3
Q =13.26gpm

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachatelflow capacity.wpd
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Client: Clinton Landfill, Inc

Project: Clinton Landfill No. 3 Chemical Waste Unit

I © Shaw Environmental, Inc. Proi- #: 128017
Calculated By: ~ PCT Date: 10/4/07

Checked By: JPV . Date: 10/9/07

Sh:

TITLE: CAPACITY OF LEACHATE COLLECTION SYSTEM PIPING

Results:

Based on the results summarized below, SDR-11, 6-inch diameter leachate collection system piping
has sufficient capacity to accommodate the maximum anticipated leachate flow volumes.

Q < Qe (GPM)

13.26 gpm < 179.07 gpm . Ok

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\flow capacity.wpd
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LAMINAR FLOW IN
LEACHATE COLLECTION PIPE
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Client:  Clinton Landfill No. 3, Inc.
) Project: Clinton Landfill No. 3 Chemical Waste Unit
Shaw Environmental, Inc. Proi- # 122150
Calculated By: PCT Date: 10/3/07
Checked By: JPV Date: 10/4/07

TITLE: LAMINAR FLOW IN THE LEACHATE COLLECTION SYSTEM

Problem Statement:

Determine if the leachate drainage layer will maintain laminar flow in accordance with 35 {ll. Admin.
Code Section 811.307 (d), by calculating the Reynold’s number, R.. )

Given:
1. Freeze and Cherry, Groundwater, pp. 73, 96-97 (refer to attached pages).

2. Streeter and Wylie, Fluid Mechanics, 8th Ed., page 111 (refer to attached pages).

3. Landfill design specifications contained in this application.
Assumptions:
1. Formula used to calculate the Reynold’s number, R..
R - pvD
M
v=-K h
| dl
Where,

p = fluid density (g/cm®)

p = absolute viscosity (g/cm-sec)

D = mean sand diameter (cm)

v = specific discharge (cm/s)

K = hydraulic conductivity (cm/s)

(dh/dl) = hydraulic gradient (or frictional resistance)

2. Flow through granular media is laminar if Reynold’s number does not exceed “some
value between 1 and 10.” Therefore assume a conservative value of R, = 1.0, as a
division between laminar and turbulent flow (refer to Freeze and Cherry).

3. Temperature range = 40°F to 140°F

T:\Projects\2007\128017 - Clinton TCSA\Design\LeachateVaminar_flow.wpd
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Client: Clinton Landfill No. 3, Inc.

g\ Project: Clinton Landfill No. 3 Chemical Waste Unit

Shaw* shaw Envionmental, Inc. Proi.#: 122150

Calculated By: PCT Date: 10/3/07
Checked By: JPV Date: 10/4/07

TITLE: LAMINAR FLOW IN THE LEAGHATE COLLECTION SYSTEM

4. o] = p, at a specific temperature
= 1.0000 g/cm?® (40°F)
= 0.98320 g/cm® (140°F)

5. ¥ = p,, at a specific temperature

= 0.015676 g/cm-sec (40°F)
= 0.004690 g/cm-sec (140°F)

6. D =20 mm =2 cm. “D” ranges from 0.075 to 20 mm for sand/gravel. Assume D =20
mm to be conservative.

7. K=3.0x10? cm/sec
8. (dh/dl) = 2.66 % (0.0266 cm/cm)
Calculations:

Calculate the Reynold’s number at: T=40°F and T=140°F

At T = 40°F
| K- 2o
pK-— -
I 1.0000)(0.03)(0.0266)(2
R - di =( )(0.03)( )():0.0510
u 0.015676
= 0.0510 < 1.. Laminar Flow
At T = 140°F
dh
P K(— E)D (0.98320)(0.03)(0.0266)(2)
R, = = = 03346
u 0.004690
= 0.3346 < 1.. Laminar Flow
Results:

Based on the calculated Reynolds numbers, the leachate drainage layer will maintain laminar flow in
accordance with 35 lll. Admin. Code Section 811.307 (d).

T:\Projects\2007\128017 - Clinton TCSA\Design\LeachateVaminar_flow.wpd
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APPENDIX 1.6

LEACHATE STORAGE TANK(S)




Page: 1 of 2
Client: Clinton Landfill, inc.
Project Clinton Landfill No. 3 Chemical Waste Unit
Proj. #: 122150

AW~ Shaw Environmental, INC.  calculated By: - PCT Date: 10/4/07

Checked By: JPV Date: 10/9/07

TITLE: LEACHATE STORAGE TANK SIZING

Problem Statement

Determine the

required storage tank capacity on site to safely store a minimum of 1-days worth of

accumulated leachate based on the estimated maximum leachate that would be generated from the
proposed Chemical Waste Unit.

Given

1.

2.

3.
Assumptions

1.

Product information for the existing leachate stofage tanks (refer to attached pages).
HELP Model results contained in this application.

Landfill cellular design contained in the design drawings.

Q. openy = 1,671 gallons/acre-day = estimated maximum leachate generation rate due
to percolation of moisture through the waste during the operational periods. It was
conservatively assumed equal to the Peak Daily Value from the HELP Model
Intermediate Cover Scenario results — 0.06154 inches/day = 1,671 gallons/acre-day
(refer to Appendix [.12).

Jieoseaq = 1,422 gallons/acre-day = estimated maximum leachate generation rate due
to percolation of moisture through the waste during post closure period. It was
conservatively assumed equal to the Peak Daily Value from the HELP Model Post-
Closure Years 1 - 30 Scenario results — 0.05236 inches/day = 1,422 gallons/acre-day
(refer to Appendix 1.12).

Agpen = 7.5 acres = maximum area of the proposed Chemical Waste Unit footprint that
will be open during operations:
1

3 x22.5 acres} =7.5 acres

Aosea = 15 acres = area of the Chemical Waste Unit footprint that will closed with final
cover installed:

(22.5 acres-7.5 acres) =15 acres

TAProjects\2007\128017 -

Clinton TCSA\Design\LeachateVeachate storage tank sizing.wpd
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Page: 2 of 2
Client: Clinton Landfill, Inc.
Project Clinton Landfill No. 3 Chemical Waste Unit

Proj. #: 122150
Shaw Environmental, INC.  calcutated By: ~ PCT
Checked By: JPV

TITLE: LEACHATE STORAGE TANK SIZING

Date: 10/4/07
Date: 10/9/07

Calculations:
Calculate storage volume necessary for 1 day’s storage.

Results:

V1—day total ~

1,671gal 1,422 gal
x75ac|+|———x15ac

ac xday ’ x day
=33,863 gallons

One initial tank of at least 35,000 gallons will be installed for the initial development of the Chemical
Waste Unit. This tank will be similar to the 35,000 gallon leachate storage tank that exists on the
northern portion of the Clinton Landfill No. 3 site. Additional tanks will be added depending on 1) the
number of treatment systems which are permitted, 2) the area permitted for waste disposal, and 3) the
actual leachate generation amounts.

T:\Projects\2007\128017 - Clinton TCSA\Design\LeachateVeachate storage tank sizing.wpd



- APPENDIX 1.7

| EARTHLOADS ON
LEACHATE COLLECTION SYSTEM
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Page: 1 of 4
Client:  Clinton Landfill No. 3, Inc |
Project: Clinton Landfill No. 3 Chemical Waste Unit
Proj. #: 128017

Shaw Environmental, INC.  caiculated By: PCT Date: 10/3/07

Checked By: JPV Date: - 10/3/07

TITLE: EARTHLOADS ON THE LEACHATE COLLECTION SYSTEM

Problem Statement:

Determine the maximum earthload (W) on the leachate collection system, considering two scenarios:

1. - Wpg = Loading on pipe due to landfill at final grade.
2. W;L = Loading on pipe due to initial cell lift of 5 feet of chemical waste, 1 foot leachate
drainage layer, and compactor concentrated load.
Given:
1. Gravity Sanitary Sewer Design and Construction, ASCE Manuals and Reports on
Engineering Practice - No. 60, pp. 166-191 (refer to attached pages).
2. Caterpillar Performance Handbook, Edition 37 (refer to attached pages).
3. KWH Sclairpipe® product information (refer to attached pages).
4. Maximum waste thickness (MSW and chemical waste) overlying leachate collection
piping taken from geotechnical analyses contained in this application (Appendix H).
5. Landfill design specifications contained in this application.
6. Laboratory test data contained in this applicaﬁbn (Appendix H).
Assumptions:
Final Landform

1.

Marston’s formula utilized to calculate the prism load (refefence ASCE No. 60):

W, = C 0B?
Where,
W = Load on pipe (psf)
C. = Load coefficient, obtained from figure 9-7 of ASCE No. 60
w = Unit weight of overlying fill (pcf)
B, = Outer diameter of pipe (ft)
H = Height of fill above the top of the pipe (ft)
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Page: 2 of 4
Client: Clinton Landfill No. 3,Inc
Project: Clinton Landfill No. 3 Chemical Waste Unit
Proj. #: 128017

SNAW °® Shaw Environmental, INC.  calculated By: PCT Date: 10/3/07

Checked By: JPV Date: 10/3/07

" TITLE: EARTHLOADS ON THE LEACHATE COLLECTION SYSTEM

Assumed embankment conditions over a positive projecting pipe since the pipe is
located in a wide trench and the top of the pipe is near the surface of compacted soil.
Therefore, Marston’s formula equals:

W, = HwB,
2. B, = 6.63 in = 0.55 ft for a 6-inch SDR 11 pipe (reference KWH Sclairpipe®)
3. Moist unit weight of final cover soil is based on the average dry density and water
content values determined from Standard Proctor data (refer to Appendix H).

¥m = 7a(1+ W)
4. The chemical waste will have a thickness of 108.2 feet (refer to Appendix H.3).
5. The MSW waste will have a thickness of 59.5 feet (refer to Appendix H.3).
6. Unit weight of the chemical waste is conservatively assumed to be 90 pcf
7. Unit weight of the MSW is conservatively assumed to be 75 pcf.

Concentrated Load

1. DL Holl’s integration of Boussinesq’s formula utilized to calculate the load on the pipe

due to a superimposed concentrated load (corresponding to a landfill compactor,
reference ASCE No. 60):

Where, :
W, = Load on pipe (Ib/ft)

P = Concentrated load (Ib)

F = Impact Factor ,

C, = Load Coefficient, a function of B./2H
H = Height of fill above top of pipe (ft)

B, = Outer diameter of pipe (ft)

L = Effective length of pipe (ft)
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_ Page: 3 of 4
Client: Clinton Landfill No. 3, Inc
Project: Clinton Landfill No. 3 Chemical Waste Unit
: Proj. #: 128017 ‘ |
ShaW® Shaw Environmental, Inc.  calculated By: PCT Date: 10/3/07
Checked By: JPV Date: 10/3/07

TITLE: EARTHLOADS ON THE LEACHATE COLLECTION SYSTEM

2. P = Total weight of compactor divided by 2 axles = 118,348 Ib/2 = 59,174 Ib
(reference Caterpillar (CAT 836H))

3. F =1.0 (recommend per ASCE No. 60 for H > 3 ft)

4. H = 1 ft of drainage layer material + 5 ft of waste (initial lift) = 6 ft
5. B, =6.63 in = 0.55 ft (reference )

6. L = 3 ft (recommended per ASCE No. 60 for pipe lengths > 3 ft)

7. C, = 0.037 (reference ASCE No. 60, Table 9-4, based on the following ratios)

B, 055
2H™ 2(6) 0.046
L 3
oH- :2@ = 0.25
9. Marston’s equation used to calculate load due to initial 5-foot lift of chemical waste.

Calculations:

Loading on Pipe due to Landfill at Final Grade (W)

MAXIMUM LOAD ON LEACHATE COLLECTION PIPE - FINAL GRADE
Layer Thickness, t (ft) Density, Y (pcf) t x Y (psf)

Final Cover 4 128 512
MSW Waste 595 75 4,462.5
Chemical Waste 108.2 90 9,738
Granular Drainage Material 1 130 130

‘ Total Thickness = 172.7 feet Y(txy) = 14,842.5 psf

Z'_(t x y) I total thickness = Average Density (w) = 85.94 pcf

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\earth loads.wpd
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Client:  Clinton Landfill No. 3, Inc
Project: Clinton Landfill No. 3 Chemical Waste Unit
Proj. #: 128017
WV ° Shaw Environmental, INC.  calculated By: PCT Date: 10/3/07
Checked By: JPV Date: 10/3/07

TITLE: EARTHLOADS ON THE LEACHATE COLLECTION SYSTEM

For a 6-inch SDR 11 Pipe:

We = H'W*B, = (172.7 ft) (85.94 pcf) (0.55 ft) = 8,163 Ib/ft = 680.3 Ib/in

Loading on Pipe due to Initial Lift of Waste and Concentrated Compactor Load (W,,)

AVERAGE LOAD ON LEACHATE COLLECTION PIPE - INITIAL LIFT OF WASTE
Layer Thickness, t (ft) Density, y (pcf) t x y (psf)
Chemical Waste 5 , 90 450
Granular Drainage Material 1 130 130
Total Thickness = 6 feet Y(txy)= 580 psf
2;(t x Y) / total thickness = Average Density (w) = 96.7 pcf

For a 6-inch SDR 11 Pipe:

W, = H*w *B, = (6)(96.7)(0.55)= 319.11Ib/ft= 26.6 Ib/in(initial lift of waste)

59,1741b)1.0 :
W, = CS¥= (0.037)( 3 X )= 729.8Ib/ft = 60.8 Ib/in (compactor load)

W, = W, + W_ = 26.6+ 60.8 = 87.4Ibfin

Results:

The maximum load on the leachate collection pipe (W) was determined to be 680.3 Ib/in for a 6-inch
SDR 11 pipe. The maximum load corresponds to the load imposed by the weight of the landfill after
final cover has been placed, which was determined to be greater than the load imposed during
compaction of the initial lift of waste. The results are summarized below.

For 6-inch SDR 11 Pipe:

W =W, =680.3 Ib/in > W, =874 Ibfin

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\earth loads.wpd
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Specifications
® Rimpull

Waste Handling

Landfill Comtors :

836H

2527

MODEL 816F2 ,
Ftywbeel Power 189 kW 253 hp 264 kW 354 hp 372 kW 499 hp
Operating Weight* 23744 kg 52,364 Ib 36 967 kg 81,498 1b 53682 kg 118,348 Ib
Engine Model C9 ACERT €15 ACERT C18 ACERT
Rated Engine RPM 2160 1860 1800
Neo. Cylinders 6 6 6
Displacement 88L 537 in® 1521 928 i 18.1L 1105 i
Speeds:
Forward 2 2 2
Reverse 2 2 2
Turning Radius with Straight Blade
fnside Blade Corner 35m 11'6" 3.2m 10'6" 43m 141"
Quitside Blade Comer 6.5m 212" 7.3m 23'9" 90m 296"
Fuel Tank Refili Capacity 464 L 122.6 U.S. gal 640 L 169.1 U.S. gal 795 L 210-U.S. gal
WHEELS: PLUSTIP PLUSTIP PLUSTIP ) . '
Each DrumyWidth 1.02m 34" 12m 311" 14m 47" ;
Diameters, over Tips 17m 510" 19m 66" 20m 69"
Drum only 13m 4'3" 1.53m 50" 1.62m 58"
Tips per Wheel 20 25 35
Tip Height 158 mm 6.5* 158 mm 6.5 158 mm 6.5"
Chop_per Blades per Wheel 20 24 28
Blade Height 152 mm 6" 158 mm 6" 158 mm 6"
- Width of Two Pass Coverage 4.5m 14'9" 478 m 158" 567m 18'7"
GENERAL DIMENSIONS: .
Height {Overall) 38m 128" 42m 137" 4.5m 14'9"
Height (Top-of Cab) 34m 13" 38m 12'g* 4.1m 136"
Wheel Base 335m e 37m 12°2° 455 m 411"
Overall Length with Dozer 785m 257" 827m 2re2” 1018 m 335"
Width over Drums 3.33m 10'11” 38m 12'g 418 m 141"
Ground Clearance 456 mm 1’5" 489 mm 16" 697 mm 2'3"
LANDFILL BULLDOZER: ] _
Width 3.65m 120" 45m 14'9" 519m 17'0"
Height" 191 m 6'3" 1.9t m 63" 222m 73"
*Opesaling Weight includes coolant, fulthydi fuslf fued allh options and 82 kg (188 ib) operator.
**Height {stripped top) — withoit BOPS cab exhaust, seatback or other easily removed encumbrances.
kgx Ibx 816F2 kgx 1bx 826H kgx Ibx 836H
1000 1000 1008 1000 1066 1000
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C h O @ S @ i- AE e Sclairpipe is available in standard Dimensional Ratio’s (DR’s), in sizes ranging The standard stocked length of Sclairpipe pipe is 50 feet, in sizes above 2*

from 3/4" to 63" in diameter. The Dimensional Ratio relates the minimum in diameter with longer lengths available on request. Coiled pipe is
< i e E;, iﬂ e wall thickness of the pipe to its outside diameter, and is important to define stocked in diameters up to 3" and is available in 250 and 500 foot lengths.
] a the pressure rating of a particular pipe. Coiled pipe diameters range from Larger pipe sizes and coil lengths are available on special request.
z £~ 3/4" and 1" Copper Tube Size (CTS) and 3/4" to 3" nominal outside
Fig h-é- for 5}/@ U diameters in Iron Pipe Sizes (IPS). The maximum continuous operating Please visit our web site (www.kwhpipe.ca) and
. 1 1 . - °
T iiatad DF and s bused At s 2t use our online design tools to determine the
'Sclairpipe is also available from higher density bi-modal resins, having enhanced performance characteristics. Pipe Size b est s Ui ted to your SpeCiﬁC app’ica tion-
DR32.5 (50 psi) DR26 (64 psi) DR21 (80 psi) DR17 (100 psi) DR11 (160 psi) DR9 (200 psi) DR?.3 (254 psi)

Nominal | Average | Average | Minimum | Average | Average | Minimum | Average Average | Minimum | Average | Average | Minimum | Average Average | Minimum | Average Average Minimum Average Average | Minimum |  Average
Pipe Outside Inside Wall Weight Inside wall Weight Inside Wall Weight Inside Wall Weight Inside Wall Weight Inside Wall Weight Inside Wall Weight
Size Diameter | Diameter Thickness (Ibs/ft) Diameter | Thickness (Ibstt) Diameter Thickness (Ibsttt) Diameter Thickness Ibsth) Diameter Thickness (Ibs/ft) Diameter Thickness {Ibs/t) Diameer Thickness {lbsth)

T ~ - - - - 3.147 0.167 0.76 3.064 0.206 0.93 2.825 | 0.318 1.38 2.676 0389 | 1.65 2484 | 0479 197
4 450 | 4.206 0.138 0.83 4.133 | 0.173 1.03 4,046 0.214 1.26 3.939 | 0.265 1.54 3.633 | 0.409 | 2.2¢9 3.440 | 0.500 2.73 3.193 | 0616 3.26
5 556 | 5.200 0171 1.27 5.109 0.214 1.57 5.001 0.265 1.93 4.869 | 0.327 2.35 4,491 | 0.506 | 3.50 4.253 0.618 417 3.947 | 0.762 4.99
6 6.63 | 6.193 0204 | 180 | 6085 | 0.255 | 2.23 | 5956 | 0315} 2.73 | 5799 | 0.390 | 3.33 5348 | 0602 | 496 | 5064 | 0.736 | 592 | 4701 | 0908 { 7.7
7 7.13 6.660 0.219 2.08 6.544 0.274 2.58 6.406 0.339 3.16 6.236 0.419 3.85 5.752 0.648 574 5.447 0.792 6.85 5056 | 0.976 a.18
8 8.63 | 8.062 0.265 | 3.05 | 7922 | 0332 | 3.78 | 7.754 | 0.411 | 4.63 | 7.549 | 0.507 | 5.65 6.963 | 0.784 | 841 | 6593 | 0.958 | 10.03 | 6.120 | 1.182 | 11.98
10 10.75 | 10.049 0.331 4.73 9.873 | 0.413 5.87 9.665 0.512 7.19 9.409 | 0.632 8.77 '| 8.678 | 0.977 | 13.06 8.218 1.194 15.59 7.628 | 1473 18.62
1201275 | 11918 | 0392 | 666 | 11.7170| 0.490 | 825 | 11.463 | 0.607 | 10.11 | 11.760 | 0.750 | 12.34 ) 10.293| 1.159 | 1837 | 9.747 | 1.417 | 21.92 | 9047 | 1.747 | 26.19
13 13.38 | 12.503 0.412 7.33 12.284 | 0514 9.08 12025 | 0637 | 11.13 11.707 0.787 13.58 1 10797 1.216 20.22 10.224 | 1.486 24.13 9491 | 1.832 28.82
14 | 1400 | 13.087 | 0.431 | 803 | 12858 | 0538 | 995 | 12587 | 0667 | 1219 | 12.254 | 0.824 | 1487 11302 | 1.273 | 2215 | 10702 | 155 | 2643 | 9.934 | 1918 { 3158
16 16.00 | 14.956 0.492 1048 | 14.695 0.615 12.99 14.385 | 0.762 | 15.93 14.005 0.941 19.43 12.916 1.455 28.93 12.231 1.778 34.53 11.353 1 2.192 41.24
18 18.00 | 16.826 0.554 13.27 | 16.532 0.692 16.45 16.183 | 0.857 | 20.16 15.755 1.059 24,59 14.531 1.636 36.62 13.760 | 2.000 43.70 127731 2.466 52.20
20 20.00 | 18.695 0.615 16.38 | 18369 | 0.769 20.30 17.981 0952 | 24.88 17.506 1.176 30.35 | 16.145 1.818 45.21 15.289 | 2.222 53.95 14.192 | 2740 | 64.44
22 22.00 | 20.565 0.677 19.82 | 20.206 { 0.846 24.57 19.779 1.048 | 30.11 19.256 1.294 36.73 17.760 | 2.000 54.70 16.818 | 2.444 65.28 15611} 3.014 | 77.98
24 2400 | 22.434 0.738 23.59 | 22,043 0.923 29.24 | 21.577 1.143 | 3583 21.007 1.412 43.71 | 19375 | 2.182 65.10 18.347 | 2.667 77.68 17.030) 3.288 | 92.80
26 26.00 | 24.304 0.800 27.68 | 23.880 1.000 34.31 23.375 1.238 | 42.05 | 22.758 1.529 51.30 20.98% | 2.364 76.41 19.876 | 2.889 91.17 18.449| 3.562 | 108.91
28 28.00 | 26.174 0.862 3211 | 25117 1.077 39.80 | 25.173 1.333 | 48.77 | 24.508 1.647 59.50 22.604 | 2545 88.61 21404 | 3.1 105.74 - - -
30 30.00 | 28.043 0.923 36.86 | 27.554 1.154 4568 | 26.971 1.429 | 5599 | 26.259 1.765 68.30 28218 | 2727 | 10172 | 22933 | 3.333 121.38 - - -

32(M) | 31.59 | 29.533 0.972 40.88 | 29.018 1.215 50.67 | 28.405 | 1.504 | 62.10 | 27.654 1.858 75.75 25.505 | 2.872 | 112.82 | 24.152 | 3.510 | 13462 - - -
36 [ 3600 | 33652 | 1.108 | 53.08 | 33.065 | 1.385 | 6579 | 32.366 | 1714 | 80.62 | 31511 | 2.118 | 98.35 29.062 | 3.273 | 146.48 - - - - - -

40(M) | 39.47 | 36.894 1.214 63.80 | 36.251 1.518 79.07 | 35485 | 1.879 | 96.91 | 34.547 2.322 118.22 - - = = = = = 0 =
42 | 4200 | 39.260 | 1.292 | 7224 | 38575 | 1615 | 8954 | 37.760 | 2.000 |109.74 | 36762 | 2471 | 133.86 - - - - - - - - -

48(M) | 47.38 | 44291 | 1458 | 9194 | 43519 | 1.822 | 113.96 | 42509 | 2256 | 139.67 | 41473 | 2787 | 17037 - - - - - - = - -
>4 | 54.00 | 50478 | 1.662 | 119.42 | 49597 | 2.077 | 148.02 | 48549 | 2571 |181.41 | 47.266 | 3.176 | 221.29 s - - - - - - - -

55(M) | 5530 | 51.688 1701 | 12522 | 50786 | 2.127 { 155.20 | 49.713 | 2.633 | 190.21 | 48.399 3.253 | 232.03 - B = - s = = T =

63(M) | 63.21 | 59.086 | 1.945 | 163.62 | 58.055 | 2431 | 202.81 | 56.828 | 3.010 | 248.55 - - - _ - - - - - - - -

Standard Inventory Product.
~rme v o

¢ Pipe dimensions are in accordance with ASTM F714 and AWWA C206.
¢ Pressure ratings are for water at 73.4 deg F.

¢ Some of the pipe sizes and/or DRs above are only available upon
request. Check with your KWH contact for availability.

¢ Other diameters and DRs not listed may be available upon special
request.

e All dimensions are in inches unless otherwise specified.

« Weights are calculated by the methodology established in PPI's TR7. TR

Sclairpipe Sclairpipe
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Pagé: 1 of 3
Client: Clinton Landfill No. 3, Inc
Project: Clinton Landfill No. 3 Chemical Waste Unit

NAW ° Shaw Envionmental, Inc. Proj-# 128017
Calculated By: PCT Date: 10/3/07
Checked By: JPV Date: 10/3/07

TITLE: RING DEFLECTION OF LEACHATE COLLECTION PIPE

Problem Statement

Determine the ring deflection of the leachate collection, pipe to demonstrate that an adequate cross-
sectional area results to allow cleaning in accordance with 35 Hil. Admin. Code 811.308 (c).

Given
1. Calculation Earthloads on the Leachate Collection System contained in this application
(Appendix I).
2. KWH Sclairpipe® product information (refer to attached pages)
3. ASTM Standard F 1962-99, Standard Guide for Use of Maxi-Horizontal Directional
Drilling for Placement of Polyethylene Pipe or Conduit Under Obstacles, Including
River Crossings (refer to attached pages).
4. Harrison, Steven and Watkins, Reynold K., HDPE Leachate Collection Pipe Design By
Fundamentals of Mechanics, presented at the Nineteenth International Madison Waste
Conference, September 25-26, 1996. '
5. Leachate collection system design contained in Section 3 of this application.
Assumptions
1. Modified lowa formula was conservatively used to calculate the deflection of a

cylindrical horizontal pipe under earth load (reference KWH Sclairpipe® ):

DK,
"~ EI+0.061E'r>

Ay

Where,
Ay = Vertical deflection of pipe (in)
D, = Deflection lag factor
W = Earthload on pipe (Ib/in)
K, = Bedding constant
r = Mean pipe radius (in) = (O.D. - t,,,)/2
0O.D. = Pipe outer diameter (in)
tin = Minimum wall thickness of pipe (in)
E = Modulus of elasticity of polyethylene (psi)
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| = Moment of inertia of pipe wall = t_, 312
E’ = Modulus of soil reaction (psi)

‘An equivalent form of the equation is derived as follows:

10.

Ay= EJ?IZI:)I;;P ) EIDIWKI
) ey + 0.061F"
Lo ; ,
e el e
Ay D, WK
m + 0.061F"

Leachate collection system design specifies a 6-inch SDR 11 pipe for the proposed
Chemical Waste Unit.

SDR = DR = (Standard) Dimension Ratio = (Pipe outer diameter)/(pipe wall thickness)
D, = 1.5 (reference KWH Sclairpipe® )

W = 680.3 Ib/in for a 6-inch SDR 11 Pipe (reference “Earthloads” calculation)

K, = 0.083 (reference KWH Sclairpipe® )

E = 30,000 psi (reference KWH Sclairpipe® )

E’ = 3,000 psi (reference KWH Sclairpipe® )

OD.= 6.63 inches for a 6-inch SDR 11 Pipe (reference KWH Sclairpipe® )

Landfill design literature recommends a maximum allowable pipe deflection of 7% of
the pipe diameter to allow for cleaning (refer to Harrison and Watkins in attached

pages).
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Calculation

For a 6-inch SDR 11 Pipe the deflection is calculated as follows:

1.5)(680.3)(0.083
Dy = ZEDIWKx - 2(3(0 0())(0) JO083)  _ 4.417in
— =+ 0061E 77, g 061(3,000
3(SDR- 1y S 3(1- 1y (5:000)

%Deflection = %‘%gﬁ@ 00%)= 6.29%
. n

Results

The calculated ring deflection is based on the worst-case loading conditions at the landfill, but still
“allows enough cross-sectional area to clean the leachate collection pipes using a 6-inch hydraulic jet.
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QHW Designation: F 1962 — 99

Standard Guide for

An American Nationai Standard

Use of Maxi-Horizontal Directional Dnlllng for Placement of
Polyethylene Plpe or Conduit Under Obstacles, Including

River Crossings’

This standard is. issued under the fixed d@lgnamm F 1962;-the number immediately followinig the designation indicates the year of
original adoption or, in the.case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€} indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide describes the design, selection consider-
ations, and installation procedures for the placement of poly-
ethylene pipe or conduit below ground using ‘maxi-horizontal
directional dnllmg equipment. The pipes or conduits may be
used for various ‘applications mcludmg telecommunications,
' electric power, natural gas, petroleum, water lines, sewer lines,
or other fluid transport.

1.2 Horizontal directional drilling is a form of trenchless
technology. The equipment and procedures are intended to
minimize surface damage, restoration requirements, and dis-
ruption of vehicular or maritime traffic with little or no
interruption of other existing linés or services. Mini-horizontal
directional drilling (min-HDD) is typically used for the rela-
tively shorter distances and smaller diameter pipes associated

ith local utility distribution -linés. In comparison, maxi-
_.«orizontal directional drilling (maxi-HDD) is typically.used for
' longer distances and larger diameter pipes common in major
river crossings. Applications that are intermediate to the
mini-HDD or maxi-HDD categeries may utilize appropriate
“medi” equipment of intermediate size and capabilities. In such
cases, the: design guidelines and installation practices would
follow those described for the mini- or maxi-HDD categories,
as judged to be most suitable for each situation.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
" information purposes only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices-and determine the applica-
bility of the regulatory limitations prior to use. Section 6
contains general safety information related to the use of
maxi-horizontal directional drilling equipment.

2. Referenced Documents

2.1 ASTM Standards:
D 420 Guide to Site Characterization for Engineering, De-

! This guide is under the jurisdiction of ASTM Committee F-17 on Plastic Piping
Systems and is the direct tesponsxblhly of Subcommittee F17.67 on Trenchless

Plastic Pipelinc Technology.
Current cdition approved April 10, 1999. Published August 1999.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.

sign, and Construction Purposes?

D 422 Test Method for Particle-Size Analysis of Soils?

D 1586 Test Method for Penetration Test and Split-Barrel
Sampling of Soils®

D 1587 Practice for Thin-Walled Tube Geotechnical Sam-
pling of Soils?

D 2113 Practice for Diamond Core Sampling for Site In-
vestigations®

D 2166 Test Method for Unconfined Compressive Strength
of Cohesive Soil”>

D 2435 Test Method for One-Dimensional Consolidation
Properties of Soils?

D 2447 Specification for Polyethylene (PE) Plastic Pipe,
Schedules 40 and 80 Based on Controlled Outside Diam-
eter’ ’

D 2513 Specification for Thermoplastic Gas Pressure Pipe,
Tubing, and Fittings®

D 2657 Practice for Heat-Joining of Polyolefin Pipe and
Fittings®

D 2850 Test Method for Unconselidated, Undrained Com-
presgive Strength of Cohesive Soils in Triaxial Compres-
sion

D 3035 Specification for Polyethylene (PE) Plastic Pipe
(SDR-PR) Based on Controlled Outside Diameter®”*

D 4186 Test Method for One-Dimensional Consolidation
Properties of Soils Using Controlled-Strain Loading

D 4220 Practices for Preserving and Transporting Soil
Samples?

D 4318 Test Method for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils?

D 4767 Test Method for Consolidated-Undrained Triaxial
Compression Test on Cohesive Soils?

D 5084 Test Method for Measurement. of Hydraulic Con-
ductivity of Saturated Porous Materials Using a Flexible
Wall Permeameter’

F 714 Specification for Polyethylene (PE) Plastic Plpc
(SDR-PR) Based on Outside Diameter’

F 1804 Practice for Determining Alowable Tensile Load

* Annual Book of ASTM Standards, Vol 04.08.
* Annual Book of ASTM Standards, Vol 08.04.
* Annual Book of ASTM Standaris, Vol 08.02.
* Annual Book of ASTM Standards, Vol 04.09.
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for Polyethylene (PE) Gas Pipe during Pull-In Installation®
2.2 Other Standards:
ANSI -Preferred Number Series 10
ANSVEIA/TIA-590 Standard for Physical Location and
Protection of Below-Ground Fiber Optic Cable Plant®
OSHA-3075 Controlling Electrical Hazards’
TR-NWT-000356 Generic Requirements for Optical Cable
Innerduct®

. 3. Terminology

3.1 Definitions: :

3.1.1 horizontal directional drilling, HDD, n—a technique
for installing pipes or utility lines below ground using a
surface-mounted drill rig that launches and places a drill string

at a shallow angle to the surface and has tracking and steering

capabilities.

3.1.1.1 -Discussion—The drill string creates a pilot bore hole
in an essentially horizontal path ot shallow arc which may
subsequently be enlarged to a larger diameter during a second-
ary .operation which typically includes reaming and then
pullback ‘of the pipe or utility line. Tracking of the initial bore
path is accomplished by a manually operated overhead receiver
or a remote tracking system. Steering is achieved by centrol-
ling the orientation -of the drill head which has a directional
bias -and pushing the drill string forward with the drll head
eriented in the direction desired. Continuous rotation . of the
drill ‘string ‘allows the drill head to bore a straight path. The
- procedure uses fluid jet or mechanieal cutting, or both, with a
w, controlled volume of drilling fluid flow to minimize the
..vreation of voids during the itial boring or backreaming
operations. The drilling fluid helps stabilize the bore hole,
remove cuttings, provide lubricant for the drill string and
‘plastic pipe, and cool the drill head. The resultant shurry
surrounds ‘the pipe, typically filling the annulus between the
pipe and the bored cavity.

3.1.2 maxi-horizontal directional drilling, maxi-HDD, n—a
class of HDD, sometimes referred to as directional drilling, for
-boring holes of up to several thousand feet in length and

¢ Available from the Elecironics Industries Association, 2001 Pennsylvania Ave.,
N.W., Washington, DC, 20006.

7 Available from the Occupational Health and Safety Administration, 200
Constitution Ave. N.W. Washington, DC 20210.

® Available from Bellcore, 60 New England Ave., Room 1B252, Piscataway, NJ,
08854-4196.

LOCATION OF
DRILL RIG

\\ -
PIPE EXIT ANGLE, 7~ D

placing pipes of up to 48 in. (1% m) diameter or greater at -
depths up to 200 ft (60 m).

3.1.2.1 Discussion—Maxi-HDD is approprate for placing
pipes under large rivers or other large obstacles (Fig. 1).
Tracking information is provided remotely to the operator of
the drill rig by sensors located towards the leading end of the
drill string. Cutting of the pilot hole and expansion of the hole
is typically accomplished with a bit or reamer attached to the
drill pipe, which is rotated and puiled by the drilling rig.

3.1.3 mini-horizontal directional drilling, mini-HDD, n—a
class of HDD, sometimes refeired to as guided boring, for
boring holes of up to several hundred feet in length and placing
pipes of typically 12 in. (300 mm) or less nominal diameter at
depths typically less than 25 ft (7 m).

3.1.3.1 Discussion—Mini-HDD is appropriate for placing
local distribution lines (including service lines or laterals)
beneath local streets, private property, and along right-of-ways.
The creation of the pilot bore hole and the reaming operations
are typically accomplished by fluid jet cutting or the cutting
torque provided by rotating the drill string, although mud
motors powered by the drilling fluid are sometimes used for
hard or rocky seil conditions. The use of such mud motors
would only be applicable for the larger mini-HDD machines.
The locating and tracking systems typically require a manually
operated overhead receiver to. follow the progress of the initial
pilot bore. The receiver is placed above the general vicinity of
the drill head to allow a determination of its precise location
and depth, indicate drill head orientation for determining
steering information to be xmplemented from the drill rig.

3.1.4 pipe dimension ratio, DR, n—the average specified
diameter of a pipe divided by the minimum specified wall
thickness.

3.1.4.1 Discussion—For pipes manufactured to a controlled
outside diameter (OD), the DR is the ratio of pipe outer
diameter to minimum wall thickness. The standard dimension
ratio (SDR) is a specific ratio of the outside diameter to the
minimum wall thickness as specified by ANSI Preferred
Number Series 10.

Note 1—Lower DR values comespond to thicker, stronger pipes.

4. Preliminary Site Investigation

4.1 General Considerations—A maxi-HDD project, such as
that associated with a river crossing, is a major event that will

ARROWS INDICATE
DIRECTION OF
PIPE PULLBACK _~

—— X, PIPE ENTRY ANGLE

HDD ENTRY POINT
(PIPE EXIT)

. .
\_L_V
c B

HDD EXIT POINT

|

f |

NOT TO SCALE

i / 13 \ ' iz i
PATH BO DEPTH OF C(:‘VER BENEATH

RIVER B

FIG. 1 Maxi-HDD for Obstacie (for example, River) Crossing
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fequire extensive and thorough surface and subsurface inves-
igations. Qualified geotechnical engineers should perform the
work for the owner in preparation for planning and designing
of the bore route. The information should also be provided to
the potential contractors to provide guidance for the bidding
stage and subsequent installation. The contractor may perform
additional investigations, as desired. Since typical maxi-HDD
projects represent river crossings, the following procedures are
described in terms of the. specific investigations and issues
arising in such cases. The general procedures, however, may be
appropriately interpreted to also apply to non-river crossings,
such as under land-based obstacles including highways, rail-
ways, etc. ‘ '
4.2 Surface Investigation (1, 2)°
4.2.1 Topographic Survey—A survey should be conducted
to accurately define the werking areas described in 4.1 for the
proposed crossing site. Horizontal and vertical references must
“be established for referencing hydrographic and ‘geotechnical
data. The survey should typically include overbank profiles on
the anticipated path center-line, extending about 150 ft (75 m)
landward -of the bore entry point to the length of the (pre-
fabricated) pull section landward of the bore . exit point. The
survey information should be related to topographical features
in-the vicinity of the proposed crossing. Existing‘mpagraphical
information may be available from the U.S. Geological Survey,
or Fedéral, state, or county publications. Aerial photographs or
- ordnance surveys may be useful, especially for crossing
land-based obstacles in urban areas, since these may indicate
"e presence of demolished buildings and the possibility of old
. oundations, as well any filled areas (3)- 1t is also necessary to
* check available utility records to help identify the precise
location of existing below-ground facilities in the vicinity,
including electric power, natural gas, petroleum, water, sewer,
or telecommunications lines. The presence of existing pipe-
-lines, suppert pilings, -etc., containing significant steel mass
should be noted since this may cause interference with mag-

netically sensitive equipment guidance or location instrumen-

tation.

4.2.1.1 Drill Rig (Bore Entry) Side—The available area
required on the side of the drill rig must be sufficient for the rig
itself and its ancillary equipment. In general, the size of the
required area on the rig side will depend upon the magnitude of
the operation, including length of bore and diameter of pipe to
be placed. Typically, a temporary workspace of approximately
150 &t (45 m) width by 250 ft (75 m) length will be sufficient.
These dimensions may vary from 100 by 150 ft (30 by 45 m)
for shorter crossings of 1000 ft (300 m) or less, to 200 by 300
1t (60 by 90 m) for medium or Jong crossings.

4.2.1.2 Water Supply—Water storage and facilities for mix-
ing, storing, and pumping drilling fluid will require significant
space. Although it is standard practice to draw fresh water
found at the location for mixing the drilling fluid, alternate
water supplies may be required to obtain proper drilling fluid
characteristics. Hard or salty water is undesirable, although
additives may be used to create the proper pH value. It may be

/ The boldface numbers in parentheses refer to the list of references at the end of
this standard.

necessary to provide access for trucks to transport water or to
provide for the installation of a relatively long surface pipe or
hose connecting a remote hydrant.

4.2.1.3 Pipe (Bore Fxit) Side—Assuming the pipe to be
placed is too large a diameter to be supplied on a reel (for
example, larger than 6 in. (150 mm)), sufficient space is
required at the side opposite that of the drill nig, where the bore
will exit and the pipe be inserted, to accommodate a contingous

straight length of pre-fabricated pipe. The space for the straight

length-will begin approximately 50 to 100 ft (15 to 30 m) from
the anticipated bore exit and extend straight landward at a
width of 35 to 50 ft (10 to 15 m), depending upon the pipe
diameter. In the immediate vicinity of the bore exit (pipe
entry), an area of typically 50 fit (15 m) width by 100 ft (30 m)
length is required; for relatively large diameter pipes (larger
than 24 in. (600 mm), or it cases of difficult soil conditions; an
area of 100 ft (30 m) width by 150 ft (45 m) length should be
provided.

4.2.2° Hydrographic/Potamological Survey—For crossing
significant waterways, a survey should be conducted to accu-
rately describe the bottom contours and river stability to
establish suitability for the design life of the pipeline. Typi-
cally, depths. should be established along the anticipated
center-line, and approximately 200 ft (60 m) upstream and
downstream; closer readings may be required if it is necessary
to monitor future river activity. Consideration should be given
to future changesin river bank terrain. Washouts, bank
migrations, of scour-can expose pipe.

4.2.3 Drilling Fluid Disposal—The means for disposal of
the drilling fluid wastes must be considered. The volume of
drilling fluid used will depend upon the soil characteristics but
is typically on the order of 1 to 3 times the volume of removed
soil. Most drilling fluids use bentonite or polymer additives
which are not generally considered to be hazardous. However,
local regulations should be followed regarding disposal.

4.2.3.1 Drilling Fluid Recirculation—OQOccasionally, drilling
fluid recirculation is used to reduce overall material and
dispesal costs. If drilling fluid recirculation is contemplated, a
means must be considered for transporting any fluid exhausted
from the opposite (bore exit) side, during the pullback opera-
tion, to the rig side. This may be accomplished by truck, barge,
or a temporary recirculation pipe line on the bottom of the
waterway (for river-crossings).. The recirculation line must be
adequate to prevent accidental discharge into the waterway.

4.3 Subsurface Investigation—The overall technical and
economic feasibility of the maxi-HDD process is highly
dependent upon the properties of the soil formation through
which the penetration will be accomplished. Thus, an accurate
and therough geotechnical investigation must be petformed by
a qualified engineer, including review of existing information
and site specific studies for the proposed location. This
information will be used to produce design drawings (including
final bore route, pipe design, and bore design), construction
specifications, and permit applications as well as to provide
nformation for the contractors upon which to select appropri-
ate tools and methods for the actual construction. While the
guidelines given in the following sections point out general
procedures or types of information, or both, which could be
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‘zveloped, unforeseeable site-specific variables make the thor-
vughness and accuracy of any site characterization study
directly dependent on the skill, experience, and inquisitiveness
of the investigating engineer. Therefore, the investigator should
define the configuration, extent, and constituency of the inves-
tigation. Site characterization information must go beyond just
defining soil conditions along the bore path to include a
forecast of future conditions (that 1is, river meanders and
“scours)-and to anticipate the affect of the maxi-HDD- process on
site conditions.

4.3.1 Preliminiary Study——The subsurface investigation
should begin with a review of existing data such as may be
obtained from published soil reports (for example, Soil Con-
servation Service Report, U.S. Geological Survey, U.S. Army
Corps of Engineers reports, etc.) or records from previous

- construction projects. In particular, data from nearby pipe or
«cable river-crossings, or bridge foundation constmction should
be examined. Theresults of this study will be used to define the
initially recommended bore penetration profile path.

4.3.2 Test Borings (1,2,4)—Site-specific data must be ob-
tained to fully characterize and verify the conditions through
-which the proposed bore path will be created. Refer to Guide
D 420, Test Method D 1586, Test Method D 1587, Test Method
D 2213 and Practice D 4220. Data collection should be aimed
at identifying eaith materials at the site and at exploring
subsurface stratification (including identification of the bound-
ary between rock and other strata, presence of cobbles or
“oulders and ether anomalies such:as old tree stumps and fill

zbris). The location, depth and number of borings should be

.~ determined by the engineer based on the preliminary study,

- anticipated future changes in site conditions (river meanders,
scours, etc.), and ‘modifications of soil conditions during
construction. These borings should be located at-a sufficient
lateral distance (to either side) from the proposed bore path to
avoid boring into the test-hole, and the holes should be sealed
with grouting to avoid potential leakage paths for drilling fluid
during the actual installation. Following completion of the
detailed route design (Section 7), additional test borings ‘may
be desirable at critical points such as bends.

Nore 2—In environmentally sensitive areas, possible restrictions may
exist on the location or number of test borings.

4.3.3 In addition to test borings, dynamic cone testing or
developing non-intrusive techniques such as ground penetrat-
ing radar or sonar may be used to identify stratification and
areas with anomalies. Such probing techniques may be applied
in the proximity of known conditions determined by a boring
to obtain proper calibration, and then extended towards un-
tested areas at relatively close intervals to identify irregularities
between borings. 1f needed, additional borings may then be
made at intermediate points of interest (3,4).

4.3 4 Soil Analysis (2,5,6)—The geotechnical study should
evaluate several parameters, including soil classifications,
(Refer to Test Methods D 4318 and D 4220.) strength and
deformation properties, (Refer to Test Methods D 1586,
D 2166, D 2435, D 2850, D 4186, and D 4767.) and ground-

ater table behavior. (Refer to Test Method D 5084.) Although
some field evaluation and in-situ testing should be included,
the geotechnical investigation should emphasize laboratory

testing in order to obtain more accurate and meaningful
quantitative results. If rock is encountered, the borings should
penetrate sufficiently to verify whether or not it is bedrock. The
relevant soil testing methods listed in Section 2 should be
followed. In general, the following specific data should be
obtained from the borings:

4.3.4.1 Standard classification of soils, (Refer to Test
Method D 4318),

4.3.4.2 Gradation curves for granular soils, as described in
Test Method D 4220,

4.3.4.3 Standard penetration test values, as described in Test
Method D 1586,

4.3.4.4 Cored samples of rock with rock quality designation
(RQD) and percent recovery,

4.3.4.5 Unconfined compressive strength, as- described in
Test Method D 2166,

4,3.4.6 Moh’s hardness for rock samples,

4.3.4.7 Possible contamination (hazardous waste),

43.4.8 Groundwater location, type, and behavior, and

4.3.4.9 Electrical resistivity or mineralogical constituents.

4.3.5 For tiver crossings, the results from the preliminary
study and site specific tests should be combined in a compre-
hensive report describing the geotechnical subsurface condi-
tions beneath the river bottom plus the stream’s potential for
meandenng and scouring. The results must then be considered
by the owner, the engineer, and potential contractors, with
regard to compatibility with the state-of-the-art of directional
drilling technology for cost-effectively completing the task. If
necessary, the crossing location may be altered to a more
favorable crossing site. In this case, many of the surface and
subsurface investigations may have to be repeated for the new
proposed crossing location and bore path.

4.3.6 Feasibility—Soil conditions are a major factor affect-
ing the feasibility and cost of using maxi-HDD in a given
geographic area. Table 1 indicates the suitability of horizontal
directional drilling as a function of the general characteristics
of the soil conditions in the area and depths of interest (3,5).
The “generally suitable” category presumes knowledgeable,
experienced contractors or personnel using appropriate equip-
ment. Such contractors are assumed to have a minimum of one
year ficld experience and completed approximately 30 000 ft
(10 km) of construction in related projects. The size and type
machines considered appropriate for particular installations are
a function of bore length, final hole diameter, and soil
conditions. Various type drill heads, mud meotors, reamers, and
drilling fluid capabilities are available for various ground
conditions. The conditions under which “difficulties may
occur” may require modifications of routine procedures or
equipment, such as the use of special purpese drill heads or
optimized drilling fluids. Some cases will entail “substantial
problems” and may not be economically feasible for direc-
tional drlling using present technology. The potential for
problems to occur increases with the presence of gravels,
boulders, or cobbles or with transitions from non-lithified
material into solid rock. In such cases, other drilling locations
or construction alternatives should be considered uniess special
circumstances dictate the need for directional drilling at the
present location, even at high costs associated with special rock
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"ABLE 1 Soil Conditions and Suitability of Horizontal Directional
Drilling”

Soit Conditions Substantial

Problems

Difficulties
May Occur

Generally
Suitable

Soft to very soft clays, silts, and X
organic deposits

Medium to.very siiff clays and silts X

Hard clays and highly weathered X
shales

Very loose {o loose sands above and X
below the water table {not more than
30 % gravel by weight)

Medium to dense sands above or X
below the water table {not more than
30 % gravel by weight)

Very foose 1o dense gravelly. sand, X
{30 % to'50%.gravel by weight)

Very loose 1o dense gravelly sand X
{50 % to 85 % gravél by weight)

Very loose to very dense gravel X

Soils with significant cobbles, X
boulders, and obstructions

Weathered rocks, marls, chatks, and X
firmly cemented soils

Slightly weathered to unweathered - X
-rocks

' AFor additional information, see Ref. (5).

‘ drilling techniques, etc.

5. Safety and Environmental Considerations

5.1 General Considerations—Injury to personnel may re-
sult from the mechanical and hydraulic machine operations
directly related to the drilling operation or from striking of
electric power lines or buried pipelines. In addition, the scale of
maxi-HDD operations may involve additional equipment and
accessories required for the lifting and handling of heavy drill
rods, drill heads, reamers, etc., as'well as the product pipe or
conduit. Additional precautions relating to specific auxiliary
. equipment must be followed, but is beyond the scope of this
standard. Non-essential personnel and bystanders should not be
allowed in the immediate vicinity of the maxi-HDD equip-
ment. Barriers and warnings should be placed a minimum of 30
fi (10 m) from the edge of the equipment or associated
hardware. Safety precautions are to be followed by all person-
nel and at both ends of the bore path. Inadvertent contact with
electric, power, natural gas, or petroleum lines may result in
‘hazards to personnel or contamination. If possible, any in-
service pipeline in the proximity of the bore should be
de-activated during the construction. In general, the possibility
of injury or environmental impact caused by damage to
working or powered subsurface facilities or pipelines during
the initial boring or backreaming operations is reduced by
appropriate adherence to regulations and damage prevention

rocedures, as outlined in Section 6.

5.2 Work Clothing—Caution: Loose clothing or jewelry
should not be worn since they may snag on moving mechanical

‘parts. Safety glasses or OSHA approved goggles, or both, and

OSHA approved head gear should be wom at all times.
Protective ‘work shoes and gloves must be worn by all
personnel.

5.3 Machine Safety Practices—Contractors must comply
with all applicable OSHA, state, and local regulations, and
accepted mdustry practices. All personnel in the vicinity of the
drill rig or at the opposite end of the bore must be properly
trained and educated regarding the potential hazards associated
with the maxi-HDD equipment. For electrical hazards, see
OSHA 3075. Personnel shall be knowledgeable of safe oper-
ating procedures, safety equipment, and proper precautions.
Courses and seminars are available in the industry, including
training provided by the equipment suppliers.

5.3.1 The operation of the drill rig requires rotation and
advancement or retraction of the drill rods. Drill rig operation

is typically accomplished using chain drives, gear systems, and

vises which may potentially lead to personal injury due to the -
meoving mechanical components. All safety shields or guards
must be properly mounted. The equipment must be checked at
the beginning of each work day to verify proper operation.

5.3.2 Hydraulic Fluid—The hydraulic oil lines powering
the drill rig ‘eperate under pressures of several thousand psi
{hundreds of bars). The hoses and connectors must be properly
maintained to avoid leaks.

5.3:2.1 Caution: If a leak is suspected, it should be
checked by using a piece of cardboard or other object, but not
hands or -any -other part of the body. The high pressure
hydraulic fluid can penetrate the skin, burn, or cause blood
poisoning. Before disconnecting any hydraulic lines, the sys-
tem pressure should be relieved.

5.3.3 Drilling Fluid—Drlling fluid pressures will vary
depending upon the equipment design and operator preference;
pressures of several thousand psi (hundreds of bars) are
possible. The hoses and connections must be properly main-
tained to avoid leaks.

5.3.3.1 Caution: Suspected leaks should be checked by
using a piece of cardboard or other object. Avoid the use of
hands or any other part of the body to check for a leak. Before
individual drill rods are inseried or removed from the drill
string, it must be verified that the drilling fluid pressure has
been shut off and allowed to decrease; otherwise, high pressure
fluid will squirt from the joint and possibly cause injury to
personnel. The drilling fluid pressure gage must be checked to
verify the pressure has been relieved before disconnecting any
rods.

Note 3—If the pressure does not decrease in a short interval following
pressure shut off, the fluid jet openings at the drill head may be clogged.
Special care must then be made when disconnecting the rod. It may be
necessary to retract the drill string or expose the drill head to clear the jets
before continuing the operation. To avoid injury from the drill head and
drilling fluid, all personnel should maintain a safe distance from the exit
point of the bore as the drill head surfaces. The pressure should be shut off
as soon as the drill head exits.

5.4 Construction Effects on Site—Ilt is assumed that the
preliminary site investigations included analyses to verify the
stability of embankments, roads, or other major features to be
traversed. It is necessary to ensure that the maxi-HDD opera-
tion will not negatively impact the site upon completion. In
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“1any cases, it will be appropriate to use grouting to seal the
final bore path hole or the end portions of the hole following
the installation of the pipe to prevent future flow or environ-
mental contamination. Particularly sensitive areas include
statutorily designated areas, such as wetlands, natural and
scenic waterways, or contaminated or waste disposal sites. If
the bore will pass through, or in close proximity to, a
contaminated area, special spoils monitoring and disposal

procedures must be followed, consistent with applicable Fed-

eral, state, or local -regiﬂ-ations.

5.4.1 Drilling Fluid—The most commeon drilling fluid ad-
ditive is bentonite, a naturally occurring clay. When added to
water, the resulting fluid provides desired properties including
viscosity, low density, and lubricity. The bentonite material
used should be National Sanitation Foundation (NSF) certified.
Disposal should be in-accerdance with local laws and regula-
tions. The bentonite-water sluiry is not.a hazardous material
unless it becomes ‘mixed with toxic polhitants. The waste
material is usnally .considered as typical excavation spoils and
can be disposed or by means similar to -other spoils. If other
additives are of concern -or hazardous material disposal is
required, it may be necessary to de-water the spoils, transport
the solids to an appropridte disposal site, and treat the water to
meet disposal reguirements. _

5.4.2 The utility access pits which may be present at both
ends of the bore are convenient receptacles for collecting used
drilling fluid. If not present for utility access, small pits should
be provided at both énds to serve as-such receptacles. Depend-

ag upon soil permesability, the pits may be lined with an
_.“appropriate material or membrane. The pits should be emptied
as necessary. Some maxi-HDD systems use drilling fluid
recirculating systems to reduce the volume of spoils. If the
geotechnical investigation revealed the existence of soil con-
ditions conductive to fluid migration, such as through pre-
fractures in surrounding clay or soil mass permeability, this
condition. must be anticipated and accounted for in the drilling
operation.

6. Regulations and Damage Prevention

6.1 General Considerations—The owner of the proposed
pipeline should obtain any required drilling permits and is
responsible for obtaining approvals from the Federal, state, or
Jocal jurisdictions or other agencies that may be affected by the
work. The preliminary investigations (Section 4) should iden-
tify appropriate site locations and paths, including safe sepa-
rations from other facilities such as electric power, natural gas,
or petroleum lines. If the constraints for a particular maxi-HDD
bore are such as to be in the vicinity of known facilities, the
affected owners must be contacted and strict procedures for
location and marking followed. If a maxi-HDPD bore intercon-
nects points under the jurisdiction of several states or govern-
ing bodies, then the regulations of all parties must be consid-
ered, including relevant permits. Special restrictions may exist,
inchading restoration regulations, in environmentally sensitive
habitat areas.

6.2 Environmental, Health, and Safety Plan—When re-
uired, each contractor that will work on the project must
-submit an environmental, health, and safety plan. ltems to
consider are the responsibilities of the plan, reporting, em-

ployee training, MSDS sheets for materials being used, emer-
gency telephone numbers for police, fire department, and
medical assistance, fire prevention, sanitation, and industrial
hygiene.

6.3 Environmental and Archaeological Impact Study—Most
projects using maxi-HDD will require procurement of various
environmental permits. When an environmental permitting
plan must be prepared, it should include a list of required
permits (for example, USAE, USEPA), the time needed to
prepare permits, and an estimated date of issuance. tems to
consider are solid and hazardous materials and waste manage-
ment, wetlands, burial grounds, land use, air pollution, noise,
water supply and discharge, traffic control and river and
railroad transportation.

6.4 Waterways (see ANSYEIA/TIA-590)—The U.S. Army
Corps of Engincers (USAE) regulates activities involving
interstate bodies of water, including marshes and tributaries, as
well as intrastate: waters which could affect interstate or foreign
commerce. The organization is responsible for work affecting
such waterways, ‘including to the headwaters of freshwater
streams, wetlands, swamps and lakes. The Regional District
Engineer of the USAE will advise applicants of the types of
permits required for such proposed projects. In addition, a state
or local, or both, agency environmental review and permit may
be required. )

6.5 Railroad Crossings (see ANSVEIA/TIA-590)—The
chief engineer of the milroad should be ceonsulted for the
approved methods of crossing the railroad line. For spur tracks
or sidings, the tract owner should be consulted. Railroads
normally require cased pipes at crossings to prevent track
washouts or damage in the event of pipeline rupture. (At the
time of writing of this stanidard, an American Railway Engi-
neering Association (AREA) committee is studying the use of
HDD for uncased and cased crossing of railroads for both
plastic and steel gas pipelines.)

7. Bore Path Layout and Design

7.1 General Considerations—For maxi-HDD projects, such
as river crossings, the bore path should be designed and
specified by the engineer representing the owner prior to the
contractor bidding process. Based upon the preliminary surface -
and subsurface investigations, the path will be selected to place
the pipe within stable ground and isolated from river activities
for the design life of the utility line. The ground through which
the path will traverse must be compatible with maxi-HDD
technology. In general, for maxi-HDD projects, the design path
will lie within a vertical plane. If necessary, lateral curvature is
possible, consistent with the capabilities of the equipment and
the product pipe. The path should be clearly designated in an
integrated report sammarizing the results of the surface and
subsurface investigations, and should be used for pricing,
planning, and executing the operation.

7.2 Steering and Drill Rod Constraints—The planned path
must be consistent with the steering capability of the drill string
and the allowable radius of curvature of the steel drill rods
based upon the corresponding bending stresses in the steel rods
and joints. Although some soil conditions will inhibit sharp
steering maneuvers, path limitations will often be based upon
fatigue strength considerations of the rods. A given rod may be
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ble to withstand a single bend cycle corresponding to a
relatively sharp radius of curvature, but the rotation of the rod
during the boring operation results in flexural cycles which
may eventually cause cumulative fatigue failure. The diameter
of the driHl rod 1s an important parameter affecting its stiffness,
steering capability, and the allowable bend radii. A conserva-
tive industry guideline indicates the minimum bend radius
should be approximately:

Rroddmin = 1200 D, M
where:
(R,od)min = medium recommended bend radius of dnil
rod, in. (mm), and :
D,oa = nominal diameter of drill rod, in. (mm).

This applies to bends in horizontal (plan) or-vertical (profile)
planes. _ .

7.3 The proposed path should avoid unnecessary bends.
Such trajectories may be difficult to follow and may lead to
oversteering - and excessive bends, resulting in  increased
stresses in the drill rods and. greater required pulling forces
during the installation of the pipe. The local radius of curvature
of the path at any point may be estimated by:

AS
R= % @)
where:
R local radius of curvature along path segment, ft (m),

AS
A

.~ Note 4—The angle in radians is equal to the angle in degrees X
0.0175. (One radian equals 57.3°)

Thus, if AS is selected to be equal to 30 f (10 m) (for
example, one rod length for some maxi-HDD machines) a
change of 0.1 rad (6°) corresponds to a.radius of curvature of
300 ft (100 m).

7.4 Bore Paths Profile (Vertical Plane) Trajectory (1,2) —A
typical obstacle crossing, such as that represented by a river is
illustrated in Fig. 1.

7.4.1 The following parameters must be specified in defin-
ing the bore path:

7.4.1.1 Bore entry (pipe exit) point,

7.4.1.2 Bore exit (pipe entry) point,

7.4.1.3 Bore entry (pipe exit) angle,

7.4.1.4 Bore exit (pipe entry) angle,

7.4.1.5 Depth of path, (for example, depth of cover of pipe
beneath river bottom), and

7.4.1.6 Path curvatures.

7.4.2 Bore Entry (Pipe Exit)—The bore entry point must be
. accurately specified consistent with the pipe route, equipment

requirements, and preliminary topographical investigations.

" Bore entry angles should be in the range of 8 to 20° (0.15 to

-0.35 rad) from the ground surface, preferably 12 t0-15° (0.20 to

0.25 rad) from the ground surface. These angles are compatible
with typical equipment capabilities.

7.4.3 Bore Exit (Pipe Entry)—The bore exit point must also

¢ accurately specified consistent with the pipe length and

.. “topographical investigations. Bore exit angles should be rela-

tively shallow, preferably less than 10° (0.15 rad). A shallow

distance along path, ft (in), and
angular change in direction, rad.

[ I |

angle will facilitate the insertion of the pipe into the bore hole
while maintaining the minimum radius of curvature require-
ments. Relatively steep angles will require greater elevation of
the pipe to maintain the required bend radii.

7.4.4 Path Profile—The proposed path should optimally lay
within a vertical plane including the bore entry and exit points.
The arcs of the bore path and straight sections (that is, after
achieving desired depth) must be defined, including the radii of
curvature and approximate points of tangency of curved-and
straight segments. The curvatures must be compatible with
both the steel drill rods (Eq 1) and the PE pipe or conduit
(Section 8). It should be noted that even larger bend radii
(lower curvatures) will further reduce lateral flexural bending
loads on the pipe and drill rods as they traverse -the route,
thereby helping avoid additional increases in tensile loads
associated with their stiffness effects. Typically, the path should

ensure 2 minimum- depth of cover-of 15 ft (5 m) beneath the

river bottoin as-projected over the design life of the pipe line,
mcluding allowance for scouring (2,4). This will overcome
buoyancy :effects and-help overcome the tendency for the drill
head to rise towards the free surface, thereby complicating the
steering operation.

Note 5—The Directional Crossing Contractors Associations (DCCA)
(7) recornmends a minimum depth of 20 R beneath the river bottom.

7.44.1 Average Radius of Curvature—The average radius
of curvature for a path segment (that is, A<B-or C-D in Fig. 1)
reaching -to or. from a depth required to pass beneath an
obstacle, may be estimated from the bore exit or entry angle,
respectively, and the depth of the bore:

2H
Ry = —67 3)
where:
Ry = ?Vt;rage radius of curvature along path segment, fi
m),
6 = bere exit or entry angle to surface, rad, and
H = depth of bore beneath surface, ft (m).

The corresponding horizontal distance required to achieve
the -depth or rise to the surface may be estimated by:

_2H
L= )

where:
L = horizontal transition distance, ft (m).

It must be noted that departures from a uniform radius will
result in locally smaller radii.

7.4.4.2 The resultant path will determine the stresses to be
exerted upen the pipe during the installation and service life.
The product pipe design must therefore be analyzed based
upon the final selected path, following the pipe design and
selection procedures given in Section 8.

8. Pipe Design and Selection Considerations

8.1 General Guidelines:

8.1.1 Maxi-HDD applications typically require detailed
analysis of the pipe or conduit in relation to its intended
application. Due to the large anticipated pulling loads and
potentially high external pressure, a careful analysis of the PE
pipe must be performed, subject to the route geometry, to
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ertfy or determine an appropniate DR (or pipe wall thickness).

1+he analysis should consider both the installation forces
occurring during puli-back and the long-term operational
loads.

8.1.2 PE Pipe—Pipes made from either high density poly-
cthylene (HDPE) or medium density polyethylene (MDPE) are
suited for directional drilling. PE pipe specifications include
Specifications D 2447, D 2513, D 3035, and F 714. If such
pipe is provided.in short segments, the individual units should
be joined using a butt-fusion technique in accordance with
Praetice D 2657. This will allow the inherent strength of the PE
pipe to be maintained during the placement process and when
subjected to other operational stresses. Small diameter pipe of
continuous length may be provided on reels. Table X1.1 gives
modulus and strength values for typical pressure-rated HDPE
and MDPE resins. -

8.1.3. Cable Conduit Applications—For cable conduit appli-
cations, including electric power and telecommuiications,
small diameter pipe may be supplied -on a continuous reel
including internal pull line or the cable itself, as pre-installed
by the manufacturer. In addition, the pipe may be provided
with the interior surface pre-lubricated. Such features will be in
accordance with that specified by the owner or engineer.
Requirements for telecommunications applications, including
HDPE pipe with various intemal surface profiles, including
smoothwall or ribbed are specified in TR-NWT-000356.

8.2 Pipe Loading:

. 8.2.1 Operational and Installation Loads—The pipe will be

abject to loads during its long-term operation and during the
" installation process. It is the responsibility of the owner (or the
owner’s contractor or engineer) to determine the design and
selection of the pipe to seérve the function intended and
withstand the operational stresses at the directionally drilled
section as well as at other sections along the pipe line. This
practice deals primarily with the loads imposed during the
directional drilling process and earth and groundwater loads
during operation (post-installation).

8.2.2 Internal (Operational) Pressure Loads—1M is the re-
sponsibility of the owner (or owner’s contractor or engineer) to
determine the nominal diameter and wall thickness appropriate
for the intended application. For example, if the pipe will be
used for the pressurized flow of liquids or gases, it is necessary
to determine the nominal diameter based on flow capacity
requirements and the minimum wall thickness (or DR) to
withstand the corresponding circumferential stresses on a long
term basis. Specification D 2513, D 3035, or F 714 may be
used to determine an initial estimate of the corresponding
maxtmum dimension ratio (DR) for PE pipe.

8.2.3 Externdl (Operational) Hydraulic and Earth Loads—
The pipe will be subjected to hydrostatic external pressure due
to the height of water or drilling fluid (or slurry) above the
maximum depth of placement relative to the entry or exit point,
and earth loads and liveloads due to load transfer through the
deformation of the soil around the borehole (8). If borehole
deformation is minimal (such as in rock) or does not deform

2 pipe, the only loading applied to the pipe is the hydrostatic
Jxternal pressure. When earth load does reach the pipe, load
reductions from the geostatic stress (arching) may be antici-

pated. The reductions may -be significant when the in situ soil
i1s normally- or over-consolidated. On the other hand, in
under-consolidated soils such as river deposits, the earth load
on the pipe may equal the prism load (adjusted for buoyancy in
the case of a river crossing). The external pressure applied to
the pipe equals the total stress, that is, it is the sum of the
effective earth pressure, reduced for arching, and the hydro-
static pressure. In some cases, the mud-slurry pressure will
offset the earth pressure. As the earth load applied to direc-
tional drilled pipe is dependent on the depth of cover, borehole
diameter, mud-slurry properties, driiling and back-reaming
techniques, and the in situ soil properties, among other things,
a geotechnical engineer should be: consulted. See X2.2 for a
discussion earth load calculations. Liveload pressure can. be
transmitted to_shallow directional drilled -pipe.. For shallow
applications, it is likely that the pipe is subjected to the same .
liveload and earth: pressures as an: entrenched pipe..

8.2.3.1 Net External Pressure—The net extemal pressure,
P,..,, is the differential pressure between the inside and outside
of the pipe. The external operational load applied to the pipe
may be decreased or totally off-set by intemal pressure
occurring within the pipe. Likewise, the external load may
increase with the occurrence of negative pressure (vacuum)
inside the pipe. The net external pressure may vary at.different
times in the life of the pipeline. For instance, during pressur-
ized flow, the net external pressure may be zero but during a
shut-dewn or. prior to service, considerable external pressure
may be applied. An analysis  should be made of all potential
external loadings, internal pressurization or vacuum. events,
and of their duration of eccurrence, so that the net external
pressure and its duration is determined for each cycIe of the
pipeline’s service life.

8.2.4 Pipe Resistance to External Loads—The pipe must be
of sufficient thickness (or DR ratio) to withstand the net
external pressure without collapsing or deflecting unduly
during each cycle of the operational life of the pipeline. (The
effects ‘of external hydrosatic loads applied during the instal-
lation phase are discussed in 8.2.8.2)

Nore 6—Spangler’s lowa Formutla is typically not applicable to direc-
tional drilled pipes as the mud-slurry (unless cemented) on sefting
develops only the consistency of ‘a soft clay which will not provide
significant side-support for the pipe.

8.2.4.1 Pipe Deflection (Ovality)—Deflection reduces the
pipe’s resistance to external collapse pressure. Earth loads,
longitudinal bending (bore path curvature), and buoyancy
forces during installation will produce ring deflection in the
pipe. Formulas for calculating earth load deflection, buoyancy
deflection, and curvature-induced deflection along with per-
missible deflection limits are given in Appendix X2. When
bore path curvature is limited to the guidelines given in Note 7
and.the DR is 21 or less, ovality due to longitudinal bending
can-generally be ignored. Filling the pipe with water during the
placement operation will reduce the buoyancy force (see 8.2.6)
and greatly eliminate the possible short-term collapse. The
effective external pressure would then be equal to that corre-
sponding to the actual external differential pressure due to the
head of drilling slurry minus the internal pressure due to that of
the water inside the pipe.



4 F 1962

8.2.42 Unconstrained Collapse—The following version of
-evy’s equation may be used to determine the allowable
external pressure for directional drilled pipe:

_2E [ 1\,
Fu=00 (bﬁ ) N ©)
where: »
P, allowable external collapse pressure, psi (kPa),

E = apparent (time-corrected) modulus, psi (kPa), for the
grade of material used to manufacture the pipe, and
time and temperature of interest,

£ = Poisson’s Ratio (long tenmn loading = 0.45, short term
loading = 0.35),

DR = dimension ratio (OD/1),

J, = ovality compensation factor (see Fig. 2), and

N = safety factor, generally 2.0 or higher.

For design, the allowable collapse pressure P, must equal
or excéeed the net effective pressure, P, The modulus of
elasticity and Poisson’s ratio are a function of the duration of
-the anticipated load. Modulus values are given in Table X1.1.
if the safety factor in Levy’s equation is set equal to ene, the
equation gives the critical collapse (buckling) pressure. Table
X1.3 gives the critical collapse pressure for different DR’s of
HDPE pipe. For design purposes, the critical collapse pressure
must be reduced by a safety factor and by ovality compensation
to obtain an allowable stress, P,, When ysing Table X1.3 for
determining pipe’s resistance to bucklmg during pull-back, an
additional reduction for tensile stresses is required. In general,

‘the resulting DR value is lower than that determined by the
.itial selection criteria based upon internal pressure consid-
" erations, the lower value must be used as corresponding 10 a
required thicker, stronger pipe.

8.2.4.3 For a pipe that will be supperted by grouting, the
allowable external collapse pressure increases (is enhanced) by
a factor of approximately 4 (1). Accordingly, the allowable
pressure obtained from Levy’s Equation, Eq 5, can be in-
creased by a factor of 4. However, the enhancement will not
apply to unsupported pipe until the grouting is fully effective.
A period of 1 week may be conservatively assumed.
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FIG. 2 Ovality Compensation Factor

8.2.5 Axial Bending Stress—The radii of curvature for
segments of the bored path, as indicated in Fig. I, must be
sufficiently large to ensure minimal bending strains and
stresses within the pipe or conduit. The recommended mini-
mum bend radius may be provided by the manufacturer, and
corresponds to the following peak axial strain level:

D
5% ©)

€, =
D = outer diameter of pipe, in. (mm), and
R = local radius of curvature, in. (mm).

The comresponding axial bending stresses may be calculated

by:

o,=E,¢, &

where:

o, = peak axial stress, psi (kPa),

E, = apparent modulus of elasticity, psi (kPa) (see Table
X1.1).

Nore 7—Some PE pipe manufacturers recommend an allowable bend-
ing radius to diameter ratio of approximately 40 or 50 to 1 during
pull-back to minimize the effect of ovaling due to tensile Joads.

See X2.5 for calculating ovality induced by bending curva-
ture. 3

8.2.5.1 PE Pipe—In general, the relatively stiff drill rods
will require considerably larger bending radii than the flexible
PE pipe. The resulting path radii for passing beneath a major
obstacle, such as a river, are typically at least an order of
magnitude greater than the minimum recommended for the
plastic pipe. The corresponding bending strains and stresses are
therefore usually not of major significance. However, the
curvature required for the pipe to enter or exit the bore hole
may be more severe and must be externally controlled to avoid
excessive strains or stresses in these areas.

8.2.6 Pulling Force—The pipe puilback operation is illus-
trated in Fig. 1, which shows the geometry of the path
including the depth, entry and exit curves, and the possibly
straight interim segment beneath the river or obstacle to be
crossed. The required tensile force at the leading end of the
product pipe will vary during the operation and is, in general,
less than that experienced at the drill rig due to the additional’
load on the balance of the drill string still within the bore hole
and that due to any simultaneous reaming operation. The
tensile forces on the pipe result from the fractional drag forces
acting on the sides of the pipe due to the weight or buoyancy
forces as it is pulled into and along the hole, force amplifica-
tions due to pulling the pipe around the curves, and resistance
due to the pipe stiffness. The resultant forces will depend upon
whether the pipe is empty or deliberately weighted (for
example, filled with ballast) to reduce the buoyancy. For the
purposes of estimating the peak force on the product pipe, the
load is calculated at the 4 transition points, A, B, C, D shown
in Fig. 1 (1). The greatest load on the pipe would typically be
at point D. The corresponding loads may be estimated by the
following equations:
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Ty =exp(va)(vw, (L, + Ly + L+ L) (8)
Ty = exp (vyo) (T, + wiwylL, +w,H—v,w L,exp (v,a)) )
Te= Ty + vgwylLy—exp (v ya)(v,w,Liexp (v,a)) (10)

Tp = exp (vBY (Tc+ vywilly, — w,H — exp (va)v,w,Lexp (v.,ot))()I h

where: -

T, = pull force on pipe at point A, 1bf (N),

Ty = pull force on pipe at point B, Ibf (N),

Te = pull force on pipe at point C, Ibf (N),

Tp = pull force on pipe at point D, 1bf (N),

L, = additional length of pipe required for handling
and thermal contraction, ft (m),

L, = horizontal 'distarice to achieve desired depth fi
(m),

Ly = additional distance traversed at desired depth ft
(m),

L, = horizontal distance to rise to surface, ft (m),

H = depth of bore hole from ground surface, f (m),

exp(X) = ¢, where e = natural logarithm base (¢ =
2.71828), :

v, = coefficient of friction applicable at the surface
before the pipe enters bore hole, '

vy = coeficient .of friction applicable within the hubri-
cated bore hole or after the (wet) pipe exits,

w, = weight of empty pipe, Ibf/ft (N/m)

wy, = net upward buoyant force on pipe in bore hole,
Tof/ft (N/im),

a = bore hole angle at pipe entry (or HDD exit, at side

opposite drill rig), rad, and
B = bore hole angle at pipe exit (or HDD entry, at
same side as drill rig), rad.
The exponential factors correspond to the capstan effect,
reflecting increased bearing pressure caused by the pipe pulled
against the inside surface of the bend.

Note 8—Although the actual value of L, may be considered to be
approximately 100 ft (30 m) to allow for handling at both ends of the bore,
including possible thermal contraction, it is recommended that a larger
value of L,(for example, 200 to 250 fi (60 to 75 m)).be used in Eq 8 to
-account for the actual path length along the arc. In some cases, L, may be

equal to zero.

8.2.6.1 If additional pipe length (to accommodate subse-
"quent elastic, viscoelastic, or thermal contractions) is pulled
through the bore hole by using a pulling force applied in a
horizontal direction at the drill rig side, resulting in an
additional bend of angle B at the surface, there may be a further
increase in the pull force T, The total force would correspond
to that of multiplying the value of T}, as calculated by Eq 11,
by the additional factor exp(v,B). Furthermore, depending
upon the total force magnitude and the local bend radius at this
point, the corresponding sidewall bearing pressure at the inside
of the bend may cause collapse of the pipe or conduit. This
procedure should therefore be avoided in preference to pulling
additional pipe length in a direction along the pipe exit (bore

ntry) angle.

8.2.6.2 Pipe Stiffness—The equations in 8.2.6 do not explic-

itly account for the resistance due to the pipe stiffness at curves

along the bore path. This effect will be reduced for sufficiently
large radii and greater clearance within the bore hole, but may
still represent a significant contribution. Thus, Eq 8-11 and
associated calculations should be considered primarily as
estimates for the purposes of investigating the overall feasibil-
ity of the installation and providing an understanding of the
effect of the other parameters. The operational procedures
(Section 9) include metheds for limiting the actual pulling
force applied to the pipe to provide ccmﬁdence in the integrity
of the installed pipeline.

8.2.6.3 Coefficient of Friction—The coefficient of friction
depends on the characteristics of the surfaces bearing against
cach other, the presence of any lubrication, and whether there
is relative motion between the surfaces: The degree of friction
immediately prior to slippage is.generally greater than the level
during subsequent sliding. Although brief interruptions in the
placement process are necessary during the removal of the drill
rods during the pullback operation; it is importantto attempt to
complete the operation without exténsive interruptions, which
may allow the bore hele to- eollapse ‘or the pipe to become
embedded in the surrounding soil. The value for v, represents
the labricated value for the pipe in the bore hole as surrounded
by drilling fluid and mud shury assummg miniinal interrup-
tions. 1t is recommended that the pipe external to the bore hole
be supported such as to provide as low a coeﬁicient of friction
v, -as possible.

Nore 9—Suggested design values for the frictional coeflicients v, and
vy, are 0.5 and 0.3, respectively (1). Where pipe is placed on rollers, v, is
typically considered equal to 0.1.

8.2.6.4 Muitiple Pipes—If more than one pipe. (that is, a
bundle of small diameter pipes) is simultaneously pulled into
the hole, higher overall loads will result due to the greater
weight or buoyancy of the combination as well as an effec-
tively amplified coeflicient of friction v, within the hole. The
degree of amplification will depend upon the relative pipe and
hole diameters and will be-minimized for greater clearance
within the borehole.

8.2.6.5 Effective Weight and Buoyancy Forces—The weight
of the vacant pipe or conduit may be obtained from the
manufacturer, or may be calculated by the following formula:

__L,(DR-1) _
Wa = D= mPuYa 12)

w, = weight of empty pipe, Ibf/in. (N/mm),

Y. = specific gravity of pipe material (for example, 0.955
for PE),

p,, = weight density of water times length unit conversion
factor, Ibffin. 3’(N/mm3) and

D = outside diameter of pipe, in. (mm).

Note 10—The density of water is 3.61 X 107 Ibffin? (9.80 x 10™¢
N/mm?).

The net (upward) buoyant force on the vacant pipe sur-
rounded by a drilling fluid or mud slurry may be calculated by:

wD?
Wb =g P W, (13)
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~ 47“(DR—])> %)

D
W, = Tgp,, (75 DR
where <y, equals specific gravity of mud slurry.

Nore 11—The specific gravity of the mud slurry may be conservatively
assumed to be 1.5 (see 8.2.3).

If the pipe is filled with water or fluid to serve as ballast, the
buoyant force is reduced and is given by either:

24 2 \2
3 w('Yb_'Yc(I-l_)ﬁ))_wa (15)
(o (o 2V DR
W= TP | Y~ Ve DR) " R (16)

where -y, equals specific gravity of ballast fluid.

If'the pipe is filled with water, then = 1; if the pipe is filled
with-mud slurry (that is, if an open-ended pulhng grip is used
that allows the drilling fluid or sluiry to enter the pipe), then
Y.~ Y, and the above formula becomes:

DR
= D%, (v, — )S*D'Ez—l a7

For PE pipe, these procedures will typically result in a lower
required pull force as calculated by Eq 8-11.

8.2.6.6 Hydrokinetic Pressure—A pressuré gradient exists
during the pipe pullback eperation corresponding to that
required to exhaust the drilling fluid out of the hole, towards
the pipe entry area. Additional pressure surges are possible due

' nonuniform pulling rates (1,2). The flow of the drilling fluid

. _.along the length of the pipe results in a drag force which may
" be estimated by considering a balance of the forces acting on
the fluid annulus in the bore hole due to the hydrokinetic
pressure and the lateral shear forces acting on the pipe and
walls of the bore hole:

AT = APg(Di — D) as)
where:
AT = pulling force increment, Ibf (N),
AP = hydrokinetic pressure, psi (kPa X 107%), and
D,,. = backreamed hole diameter, in. (mm).

Nore 12—AP is estimated to be 10 psi (70 kPa) (1,6).

The term AT may be added to the pulling forces calculated -

by Eq 8-11 to obtain the total pull force at each corresponding
point of the installation. This is shown explicitly in Eq 19.

Nore 13—For a bundle of pipes, the term D? in Eq 18-is replaced by
an equivalent sum of the corresponding quantities (diameters squared) for
the individual pipes.

8.2.7 Axial Tensile Stress—The average axial stress acting
on the pipe cross-section at point A, B, C, or D, including the
increment for hydrokinetic pressure, is given by:

_ 1 { DR 9
0. =L+ AN\ pr—1 19)
where:

5 = Ty Tp T, or Tp, Ibf (N), and
_-o; = corresponding stress, psi (kPa X 1073).

head. However, depending on the curvature of the borepath, the
peak tensile stress may not occur at the pulling head, but in a
curve. In the curve, the maximum tensile stress due to bending
occurs in the outer fibers of the pipe. For each curve, the
maximum tensile stress equals the sum of the bending stress, as
in Eq 7, due the curvature and the average axial stress at that
point due to puliing. The maximum tensile stress for each curve
should be determined and compared with the average axial
stress at the pulhng head to determine the peak tensile stress,
o, occurring in the pipe:

»
0,=0;+ 0, (20)

where:

0, = peak tensile stress at i-th point (where i = A, B, C, or
D), psi (kPa),

o; = average axial tensile pull stress i-th point (where i=
A, B, C, or D), psi (kPa), and

o, = outerﬁber tensile stress (Eq 7) at i-th point (where i =

A, B, C, or D), psi (kPa).
8.2.7.1 Allowable Tensile Stress—The peak tensile stiess,
o, should be compared to the allowable stress at-the antici-

'pated installation temperature. Thus, it is required that:

op <SPS @n

where SPS equals safe pull tensile stress, psi (kPa X 1073 at
the anticipated installation temperature. Under continuous
load, polyethylene undergoes creep deformation. Therefore,

" the safe pull stress values are time and temperature dependent.

The highest average axial stress will occur at the pulling
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See Table X1.1 for typical SPS values. The time interval for the
installation depends upon the length and rate of pullback of the
pipe. Pullback rates are on the order of several feet per minute,
depending upon the soil conditions. If it is anticipated that the
back-reaming process will be slow-and difficult (see Section 9),
it is recommended that a separate pre-reaming operation be
used to allow a subsequent faster pipe pullback and shorter
time interval for installation pull forces to be applied.

8.2.7.2 If necessary, the stress on the PE pipe or conduit
may be reduced by increasing the pipe wall thickness (that is,
lower SDR value) or, possibly, reducing the net buoyant force
by filling the pipe with fluid ballast (as described in 8.2.7.1).

8.2.8 Torsional Stress—Torsional stresses are eliminated or
minimized by the use of a swivel at the leading end of the pipe.
Section 9 provides information for the selection of an appro-
priate swivel.

8.2.9 Combined Loads During Installation—The calcula-
tions allow a preliminary selection of the pipe DR consistent
with the anticipated application, installation, and path charac-
teristics. It is necessary, however, to finally consider the overall
installation. stresses due to the combination of loads which
many be present simultaneously. If the combined stresses are .
not within the desired overall design margin, it may be
necessary to select a thicker wall pipe or modify the installation
parameters to relieve the resultant stresses.

8.2.9.1 Reduced PE Collapse Strength—For PE pipe, the
presence of an axial tensile load will have a tendency to reduce
the pipe’s short-term resistance to collapse under external
pressure, as otherwise estimated from Eq 5 (1). In addition, the
hydrokinetic pressure increment at the leading end of the pipe
also increases the external hydrostatic pressure during this
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rod. The modified equation to account for these effects is:

. 2E i Yolx
pba = m(DR = 1) N 22)
where fj, the tensile pull reduction factor, is given by:
5.57 ~ (r+1.09¥—1.09 (23)
and
_ % 4)-
" 2P @9
o; = maximum average axial tensile pull stress from Eq
19, psi (kPa), and
SPS = safe pull tensile stress, psi (kPa).

~ The allowable collapse pressure, P, should equal or
exceed the sum of the net effective pressure during puli-back
and the hydrokinetic pressure:

P, =P AP (25)
where:
P = net effective pressure acting on pipe during pull-
back, psi (kPa), and
AP = hydrokinetic pressure, psi (kPa).

Note 14—The modulus value used in Eq 22 and in the deflection
caleulation for determining ovality for use in Eq 22 during pull-back
sheuld be selected to match the time-interval of the pull-back.

8.2.9.2 The net effective external pressure term, P, in Eq

".corresponds to the extenal head of drilling fluid or slurry
~.duced by the internal pressure due to any. fluid used as
" ballast. For the case of an open-ended pulling grip allowing the
- drilling fluid to serve as ballast (see 8.2.6.5), the net effective

external pressure, P including the hydrokinetic pressure, is
negligible and the possibility of collapse due to external
pressure during the installation stage is essentially eliminated.

8.2.9.3 Thermal Effects—Potential effects due to thermal
expansion may be minimized by allowing the pipe to reach
temperature equilibrium with the soil before cutting the pipe to
length to complete the instatiation.

8.2.10 Combined Loads During Operation—In general, it is
the responsibility of the owner or owner’s contractor or
engineer to ensure that the design will be compatible with the
long term operation of the pipe line, including sections away
from that being placed by the drilling operation, as well as
sectiens in the vicinity of the crossing, both at the surface and
passing beneath the obstacle.

8.2.10.1 Thermal Stress—Thermal stresses due to tempera-
ture differentials existing during the placement process may be
considered small, as discussed in 8.2.10. However, possible
thermal ‘effects during long-term operation due to seasonal
expansion or contraction at the surface, including at sections
-away from the drilled crossing, are not specific to the HDD
process and should be considered by the owner as for non-
drilled pipe lines, in combination with the other stress contri-
butions.

JImplementation

9.1 Due to the magnitude of the typical operation and
complexity of the equipment and control systems, maxi-HDD
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requires a highly trained crew. See Mini-Horizontal Directional
Drilling Manual. It is beyond the scope of this guide to provide
operational procedures for the various equipment. Such train-
ing is generally provided by the manufacturer. Contractors -
should be required to demonstrate evidence of proper training
for their crews, including classroom and field experience for
the primary personnel. The following items represent some of
the issues reldted to the implementation process for placement
of pipe or conduit.

9.1.1 Machine Size & Capability—The size and capacity of
the ‘drilling equipment must be compatible with the thrust and
torque ‘required to perform the drilling, reaming, and pipe
pullback operations. It is difficult to estimate the drill rig forces
associated with the reaming operation, which may be signifi-
cantly greater than that directly applied to the pipe itself during

_pullback: (as estimated by the formulas in 8.2.4), paticulaily

when “beth- operatmns are performed - simultancously. - The
estimated forces applied to the pipe may be considered a
minimum’ eqmpment requirement.

9.1.2 Drill Unit Positioning—The drill rig unit is positioned.
consistent with the discussion in Section 7 and the desired bore
route and pipe depth. Proper anchoring is especially important
for soft or sandy soils.

9.1.3 Boring and Drill Rods—HDD  operations begin with
the initial pilot bore. Different ground conditions will require
different type drill-heads for the pilot bore operatlon The-drill
rods :should be as least as strong as the equipment ‘capability.
The planned bore route should also be compatible with.diill rod
capabilitics with respect to cumulative fatigue stresses {Section
7). Proper care and. handling of the drill rods is important to
avoid breakage during boring or backreaming. The rod threads
must be cared for and properly coated (greased) when inserted
mto the drill string. Proper torque should initially be applied to
the drill rods as added at the bore entry to avoid potential
loosening of the rods and loss of connection in the ground.

9.1.4 Washover Pipe—For many maxi-HDD operations, a
washover pipe is inserted over the drill string as thie bore
progresses to support the hole and reduce torque. This steel
pipe may be removed during the backreaming operation. If
reaming is not required, the washover pipe may be left in place
and used as a casing into which a group: of small plastic pipes
may be placed by a later independent pulling operation.

9.1.5 Drilling Fluid Usage—Drilling fluids serve a critical
role in maxi-HDD operations. The fluid powers the mud-motor
at the front of the drill string that bores the pilot hole. The fluid
also provides lubrication during the pilot boring, reaming, and
pullback operations to reduce the required torque and thrust or
pullback loads. In addition, the drilling fluid stabilizes the bore
hole, cools-the drill head (and internal circuitry), and removes
cuttings and spoils. The crew must be trained in the proper use
of drilling fluids and the appropriate types for various ground
conditions. Note that excessive drilling fluid pressures or
volumes may result in greater disposal problems or appear-
ances at undesired surface locations as the fluid penetrates
through fissures.

9.2 Tracking and Locating:

92.1 Location Interval—In order to maintain the actual
bore along the planned path, the pilot bore must be carefully -
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‘cked, and path confirmation established at least once each 30
« (10 m) interval (for example, when adding drill rods). For
paths with horizontal or vertical turns, or in critical areas
including the vicinity of other obstacles, shorter intervals for
example, 15 ft (5 m) are recommended. In areas with pockets
of cobbles or other obstacles that may divert the drill head,
measurements should be made whenever contact with such
obstacles is suspected. A misdirected drill head must be
corrected as soon as possible.

9.22 As-Built Drawings—A record of the actual as-built
bore path, including plan and profile views and vertical and
horizontal deviations, indicating the relation to the planned
path, must be submitted to the owner. Any information
obtained during the initial bore regarding soil characteristics,
etc. should be added. The experiences gained during the initial
bore may be used ‘to provide giidance for the backreaming
operating, as well as for subsequent. operations in the preject
area. Additional information shonld also be included, such as
steering or correction commands, drilling fluid usage, and the

“type of ‘drill head being used. Regarding the reaming and
pullback operations, the pipe insertion velocity, duration, type
and size of reamers (cutters or compactors), final bore hole
size, drilling fluid usage, and required puliback forces should
be recorded.

9.3 Reaming—In some maxi-HDD applications, a back-
‘reaming operation to increase the hole size may not be required
(for example, When a small: pipe is to be pulled back into the

‘tial bore hole or, possibly, a bundle of small pipes is to be
dlled into the remaining washover pipe by a separate proce-

" dure after completion of the HDD operation). However, a

backreaming operation is typically performed to produce a hole
size sufficiently large to readily install the pipe(s) or conduit.

Appropriate cutters and compactors compatible with the soil

conditions are required, including proper usage of drilling
fluid. In some cases, several reaming (that is, pre-reaming)
operations may be required. In general, pre-reaming is not
required for placing pipe 20 in. (500 mm) or less in diameter,
and the reaming and pipe pullback may be performed simul-
taneously. The pre-reaming operations allow relatively large
holes to be created in stages, reducing the required torque and
thrust loads at the machine. For difficult installations for which
a high pulling load is anticipated, a pre-reaming operation will
help ensure that the capability of the machine is not exceeded
due to the combined forces due to increasing the hole diameter
and pulling the pipe. The pullback operation may also then be
performed at a faster rate, reducing the time the pipe is under
axial load. In addition, pre-reaming reduces the possibility of
voids or surface heaving or settlement, including unanticipated

drilling fluid appearances. Hole diameter increments should be -

restricted to approximately 10 in. (250 mm) or less during a
single pass. The final hole diaimeter is typically 50 % greater
than the outer diameter of the pipe (or pipe bundle) to provide
clearance for pipe grips, allow spoils flow, and reduce the
required loads during the pipe pullback operation. During
nre-reaming, additional drill rods must be available at the pilot

re exit which are connected to a swivel at the rear of the
~camer and pulled into the hole to maintain the path.

9.3.1 Grouting—If grouting has been specified to fill the
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annulus of the hole surrounding the pipe(s), it may be pumped
during the pullback operation, serving as drilling fluid. How-
ever, if the pullback encounters any difficulty, the grout can
set-up. Consideration should be given to placing grout through
a tremie pipe pulled in during pullback. The requirement and
formulation of the grouting shall have been established in
advance by the owner and the owner’s engineer following the
preliminary surface and subsurface studies and route planning,
for environmental considerations, or-to increase the long-tenm
collapse resistance of the pipe or provide additional strength or
mechanical protection. The grouting requires proper formula-
tion consistent with desired set-up time; appropriate fluid
pumps are required to handle the thicker fluid mixture. In may
cases it may only be required to plug the entry and .exit
penetration points, possibly using a cement-bentonite mixture
©): |

9.4 Gripping the Pipe—If not supplied as a continuous
length on a reel, it is assumed that the pipe(s) have been fused
and tested prior to completion-of the boring operation to avoid
unnecessary delays in completing the ‘installation. The bored
and reamed hole may tend to close in or collapse after an
extended period of time, significantly inhibiting or preventing
the insertion of the pipe.

9.4.1 Due to the distance of the operation and the relatively
high pullback loads generated, secure gripping procedures
must be used. Basket-type or. internal only grips are’ not
recommended. The gripping method selected must allow
essentially the full tensile ratmg of the prpe to be developed.
Appropriate types may include anintemal/external clamping or
bolting device, or a fused PE pipe adapter with a built-in
pulling eye. In the latter case, a smaller diameter section of the
adapter may serve as a breakaway link protecting the main
section of pipe (see 9.4.3). In general, the end of the pipe
should be plugged or sealed to prevent contamination during
the pull-back operation However if it is desired to allow the
should be used that al]ows the ﬂmd to enter the pipe. Several
pipes may be pulled simultaneously, but the position of the
grips should be staggered, if necessary, to avoid a single large
bulge.

9.4.2 Swivel—A swivel is required between the reamer or
compactor preceding the pipe to prevent the transmission of
torsional loads to the pipe. The rating of the swivel should be
somewhat larger than the lower of the pull force capability of
the drill rig or the total strengths of the bundle of pipes to be
installed, but not excessively greater. Inefficiencies in overly
large swivels may result in relatively significant twist trans-
mitted to small pipes.

9.4.3 Breakaway Link—In general, the recorded pulling
forces as indicated at the drill rig will exceed the tensions
experienced by the pipe or conduit throughout most of the
pullback process. Limiting these loads to that of the allowable
pipe strength will generally be overly conservative. It is
recommended that individual breakaway links be provided
between the main swivel and the grip(s) at the pipe(s), to
ensure that the pipelines are installed within allowable load
levels. Broken links will require removal of the pipe(s) from
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: entry end, or possibly abandonment. Following a determi-
" sation of the problem, and an appropriate solution, another
attempt may be made, possibly requiring a new bore path.
9.4.3.1 Each breakaway link rating should be within the safe
pull tensile load, also called the allowable tensile load of its
corresponding pipe. See Table X1.1. ,

9.43.2 Although less desirable, a single breakaway link
may be used for a bundle of pipes. The corresponding safe
working loads for the individual pipes in the bundle are added
to determine the total safe working load and the corresponding
rating of the breakaway link. If a breakaway swivel is used as
the breakaway link, and not specifically designed for direct
exposure with soil, this item should be cleaned well after each

- application. The use of such a breakaway swivel does not
climinate the need for the main swivel described in 9.4.2.

9.5 Handling the Pipe—FExtreme care must be exercised
when ‘handling the pipe to ensure ‘that it is ‘not. subject 1o
excessively sharp bends which may cause a kink or other
damage to the pipe. Section 8 provides appropriate guidelines,
including discussion of the combined effects of bending loads
and tension in the pipe. Particular areas of concem typically
include the pipe entry or exit points. It is important to minimize
bending of the pipe as it enters the bore hole, consistent with
7.3, 74.4°and 8.2.7, aiid to ensure low friction on the portion
of the pipe outside the hole. This may be accomplished by the
use of appropriate lifting equipment and roller stands to reduce
friction. Due to the potentially high tensile load atthe pipe exit,
" js especially important to avoid sharp bends at this point.

_-10. Inspection and Site Cleanup
10.1 Completion and Inspection—It is necessary to mini-
mize any residual stresses or strains remaining in the pipe
following the installation, due to the imposed pulling forces
" and potential thermal expansion or contraction. Thus, the pipe
should be allowed to achieve mechanical and thermal equilib-
rium with its surroundings prior to cutting the pipe at either
end. Premature cutting of the pipe may allow the ends to shrink

back into the hole. The pipe may be cut after it has been
verified that there has been insignificant movement at the pipe
entry end and negligible residual tensile load at the drill rig
end. If any fluid or shurry was allowed to enter the pipe to serve
as ballast (see 8.2.6), the fluid must be purged and the pipe
thoroughly flushed and cleaned.

10.1.1 Integrity—Some pipes, such as for gas or fluid
transport, may be required to pass hydrostatic pressure or
leakage tests, before or after pullback, or both, as specified by
the owner. For pipes to be used as paths for cables, the integrity
of the path should be verified by pulling a “pig” through the
installed pipe prior to splicing or terminating.

10.1.2 Visual Inspection—The pipe exiting the berchole
should not show signs of yielding or necking-down. The
surface of the pipe should be inspected for gouges or scratches.
Gouges or scratches in-excess of 10 %: of:the minimum wall .
thickness should be assessed as to whether pipe is suitable of
not for pressure service.

10.1.3 Bore Path—The as-built drawings shall be submitted
to the owner’s representative to indicate the pipe was placed at
the proper location-and depth, or within acceptable limits.
Maintaining an appropriate minimum depth of cover beneath
the river bottom 1is critical, including margin to account for
scouring, to avoid subsequent exposure or damage. Recording
of the exact location will help avoid damage during any fiiture
construction activities in the area. In addition; records of
puliback forces at the drill-tig, breakaway link ratings, instal-
lation rate, final hole diameter, grouting information, etc.,
should be recorded and provided.

10.2 Cleanup—Afier inspection and approval by the owner
or representative, the surface area must be restored to its
original condition. The site must be cleaned of equipment,
tools, and spoils. All drilling fluid must be cleaned from the site
or its vicinity and properly disposed of, consistent with Section
6. B

APPENDIXES

(Nonmandatory Information)

Xi. MATERIAL PROPERTIES OF POLYETHYLENE

X1.1 Material Properties of Ponetherrie——Typica] values

for the apparent modulus of elasticity and tensile strength at

73°F (23°C) for medium density (PE 2406) and high density
polyethylene (PE3408) resins are presented in Table X1.1.

TABLE X1.1 Apparent Modulus of Elasticity and Safe Pull Tensile Stress at 73°F

Typical Apparent Modulus of Elasticity

Typical Safe Pull Stress

‘Duration HDPE MDPE Duration HDPE MDPE
Short-term 110 000 psi (800 MPa) 87 000 psi (600 MPa) 30 min 1300 psi (9.0 MPa) 1000 psi (6.9 MPa)
10h 57 500 psi (400 MPa) 43 500 psi (300 MPa) 60 min 1200 psi (8.3 MPa) 900 psi (6.2 MPa)
100 h ) 51 200 psi (350 MPa) 36 200 psi (250 MPa) 12h 1150 psi (7.9 MPa) 850 psi (5.9 MPa)
50 years 28 200 psi (200 MPa) 21 700 psi (150 MPa) 24h 1100 psi (7.6 MPa) 800 psi (5.5 MPa)
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msult the manufacturer for specific applications.

X2. POST-INSTALLATION LOADS AND DEFLECTION OF HORIZONTAL DIRECTIONAL DRILLED PIPES

X2.1 Allowable Tensile Load—The safe pull tensile load
for a pipe is equal to its allowable tensile load ATL, which can
be calculated from the safe pull tensile stress SPS, as follows:

1 i
ATL = (SPS) 'n'Dz(—D—ﬁ - ﬁ) (X2.1)
where:
-D = pipe outer diameter, in. (mm),
SPS = safe pull stress, pst (kPa), and
DR = pipe dimension ratio (outer diameter/minimum wall

thickness).
For. gas pipes, see Practice ¥ 1804 for determining ATL.

X2.2 Earth Pressure Calculation-—The soil load on direc-
tional drilled pipe is essentially dependent on the depth of
cover, borehole diameter, mud-slurry properties, and the in situ
properties. Earth and hive-load pressures are transferred to the
pipe through the deformation of the soil around the borehole.
As the deformation occurs, a cavity of loosened soil forms
above the borehole. This cavity is filled by seil sloughing from
above it. The process causes the soil to bulk, that is, the density
of the sloughed soil is less than the density ‘of the undisturbed

vil. The sloughing precess continues until. an equilibrium is
,<cached where the stiffness of the sloughed soil is sufficient to

- resist further sloughing from the soil above. This bulking state

results in arching of load aroundthe pipe (that is, the earth load
applied to the pipe is less than the geostatic stress (or prism
load).) There is a lack of published equations for calculating
earth loads on directional pipes. However, equations have been
published for calculating loads on jacked pipe. Although the
applicability of these equations to directional drilling has not
been confirmed, they are likely applicable where the PE is
installed in a mud slurry. The normal jacking procedure like the
directional drilled process overcuts the hole but the overcut is
typically less than 10 % of the pipe diameter with jacked pipe,
whereas with directional drilled pipes the overcut may be
50 %. Equations for calculating the loads occurring on jacked-
pipe due to the bulking process are given by O’Rourke et al.
Another interpretation of arching above jacked-pipe is given in
(10). Stein’s method in Ref. (10) considers the process of
arching to be similar to trench arching: Only Stein’s method is
given below as O’Rourke’s method in Ref. (9) involves
extensive calculations and typically results in lesser load than
Stein’s method. Credit for arching should only be considered
where the depth of cover is sufficient to develop arching
(typically exceeding five pipe diaméters), dynamic loads such
as traffic or rail loads are insignificant, the soil has sufficient
internal friction to transmit arching, as confirmed by a geo-
technical engineer.

X2.2.1 Use of Terzaghi’s equation as given in Eq X2.2 for

alculating earth loads on jacked pipe is suggested in Ref. (10).

‘Note that the friction angle, has been reduced in Terzaghi’s
equation by 50 %.
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Pgy= KYZ.Z (X2.2)
144 f—rz
KH (8
- 1 —expg(;;—ﬁ—t;m (5)) <23
ZTtan (i)

[For metric units, the conversion factor of 144 in?/ft* should
be dropped]

where: -

Py = external earth pressure, psi (kPa),

Y = soil weight, pcf (kN/m>),

H = depth of cover, ft (m),

'k = arching factor,

B = “silo” width, ft (im),

8 = angle of wall friction, degrees (for directional drilling,
assume d = ¢, and ¢ = angle of internal friction,
degrees.), and

K = earth pressure coeflicient given by:

K= tan2(45 —%) (X2-45

The silo width must be estimated based on the application. It
varies between the pipe diameter and the borehole diameter. A
conservative approach is to assume the silo width equals the
borehole diameter. (If the effective soil weight is used the
groundwater pressure must be added back into Eq X2.2 to-get
the total external pressure acting on the pipe. The effective soil
weight is the dry unit weight of the soil for soil above the
groundwater level; it is the saturated unit weight less the
weight of water for soil below the groundwater level.)

X2.3 Earth Load Deflection—Earth load is generally ap-
plied at the pipe crown with a reaction at the invert. As slurry
provides essentially no side-support, there is little pressure at
the springline to restrain vertical deflection. The -primary
resistance to deflection is provided by the pipe’s stiffness.
Whereas, actual soil loads will occur over a good portion of the
top and bottom halves of the pipe, Ref. (11) gives two ring
deflection formulas for uniform loading on the top half of a
pipe in the Appendix of the text. One formula assumes the
pipe’s invert is supported on a rigid, flat ‘base while ‘the other
assumes the invett reaction load is uniform around the bottom
half of the pipe. Neither case fits exactly what occurs with
directional drilled pipe but the average of the two formulas
may come close. ‘

0.0125P,
E

12(DR-1)

A
b (X2.5)

where:
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.pipe diameter, in. (nm),

A = ring deformation, in. (mm),

P, = ecarth pressure, psi (kPa),

DR = pipe dimension ratio, and

E = modulus of elasticity, psi (kPa).

X2.4 Buoyant Deflection—An external pressure difference
between crown and invert occurs when pipe is submerged in
grout «due to the difference in grout head pressure across the
pipe. The pressure difference applies a force which deflects the
invert upward toward the crown, thus creating. ovality. Deflec-
tion is given by Eq X2.6. This can be converted to percent
deflection by multiplying it by 100.

a_ 0.1 169»7,,(%)4

D 7/ (x2.6)
where:”
A = ng deﬁechon in. (m),
D = pipe diameter, in. (m),
Y, = ‘weight of fluid in borehole, Ibs/in. (to convert fluid
weight from Ibs/ft> to Ibs/in® divide by 1728) (kKN/
3
),
E = modulus of elasticity, p31 (kPa), and
I = momentof inertia of pipe wall cross-section (£*/12),

in*fin. (m%m).

 X2.5 Reissner Effect—Longitudinal bending of a pipe in-
‘sces ovality. For entrenched - -pipes this ovality is usually
agnored as:it is oriented transverse to earth load deflection. In
-"a directional drilled pipe ovality is additive to earth Joad
. deflection. For DR 21 or lower pipes, when the bending radius
is greater ‘than or equal to 40 pipe diameters, the -ovality is
negligible. Ovality in terms of percent deflection can be
calculated from the Reissner equation:

Y@ o
- P00
=R (X2.8)
where:
7 = Poisson’s ratio,

D = pipe OD, in. (mm),

t = pipe wall thickness, in. (mm),

R = radius of curvature, in. (mm), and

Ay/D = deflection, in.fin. (mm/mm) (convert to percent by

multiplying by 100).

X2.6 Deflection Limits—The limiting deflection (in percent)
is determined by the geometric stability of the deflected pipe,
hydraulic capacity, and the strain occurring in the pipe wall. It
has been observed that for PE, pressure-rated pipe, subjected to
soil pressure only, no upper limit from a practical design point
of view seems to exist for the bending strain (12). Therefore,
for non-pressure pipes or conduits the safe long-term deflection
is 7.5 % of the diameter. When subjected to internal pressure in
addition to soil pressure, the localized bending strain resulting
from deflection combines with the hoop tensile strain caused
by internal pressure to preduce a higher, localized tensile
fiber-stress. However, as the -internal pressure is increased the
pipe re-rounds and the bending strain is reduced. At high
pressures, the bending strain is reduced and. the ring tensile
stress approaches that due to internal pressure alone. For
calculation method, see Ref. (13). This fact coupled with the
ductility of PE permits the désigner to ignore the combined
effect of pressure and deflection. In lieu of an exact calculation
based on allowable strain, the designer can use the safe
long-term design deflection values for pressure pipe shown to
Table X2.1.

X2.6.1 Design deflections are for use in selecting DR and
for field quality control. Field measured deflections exceeding
the design deflection do not necessarily indicate unstable or
over-strained pipe. In this case, an engineering analysis of such
pipe should be performed before acceptance.

TABLE X2.1 Safe Long-Term Design Deflection values for Buried

Pressurized Polyethylene Pipe
DR or SDR _ Deflection Limits as % of Diameter
21 75
17 6.0
15.5 6.0
135 6.0
1" 50
9 40
7.3 3.0

X3. CRITICAL BUCKLING PRESSURE FOR HDPE PIPE

X3.1 Critical Buckling Pressure—Table X3.1 gives the
critical collapse pressure for HDPE pipes. The values do not
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contain a safety factor nor any compensation for ovality or
pulling force. See 9.2.3.1 for discussion.
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+ TABLE X3.1 Critical Collapse Pressure for Unconstrained HDPE Pipe”®< at 73°F

Note—Table does not include ovality compensation or safety factor.

Pipe SDR, psi, ft H,0, in Hg

Service Life 73 9 1 13.5 155 17 21
Sﬁorl-term 1003, 2316, 2045 490, 1131, 999 251, 579, 512 128, 297, 262 82, 190, 168 61, 141, 125 31,72, 64
100 h 488, 1126, 995 - 238, 550, 486 122, 282, 249 62, 144, 127 40, 92, 82 - 30, 69, 61 15, 35, 31
50 years . .28B3,653,577 319,282 . 71,163, 144 36,84, 74 23, 54, 47 17, 40, 35 9,20, 18

Apxial Tension dunng puﬂ-back ‘redvices collapse strength.

BFull vacuum is 14.7 psi, 34 ft water, 30 in Hg.

Muttipliers for temperature rerating;

60°F (16°C) T73.4°F(23°C) 100°F(38°C) 120°F(49°C)
1.08 1.00 078 0.63
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Earthloading - Design of Underground Piping Systems

INTRODUCTION

This section defines the performance limits for SCLAIRPIPE polyethylene pipe in the following three burial
environments - in varying soils and soil compaction levels, in firm soils where the buried pipe is subjected to external
hydrostatic pressure and in firm and loose soils with the buried pipe subjected to internal vacuum or net external
hydrostatic pressure. In all cases, the pipe is considered to be empty with no resistance to deflection contributed by
internal pressure.

Flexible conduits react to earthloads or external hydrostaric loads very differently than rigid pipes do. The natural ring
stiffness of the flexible pipe contributes only a small portion of the total resistance to detlection; most of the resistance
arises from the soi} stitfness. When the buried pipe deflects slightly in the vertical axis, the accompanying ourward
movement of the pipe side walls mobilizes the support available due to the stiffness of the surrounding soil envelope.
Figure 2 provides an illustration of this mobilization process. The pipe is supported against further movement and
exhibits load-bearing capabilities far greater than unsupported pipe. The amount of support which is available in the
embedment soil is a direct consequence of the installation procedure. The stiffer the embedment materials are; the less
deflection occurs and the more stable the pipe-soil system is.

DESIGN CRITERIA

When selecting the most appropriate wall thickness or DR for Sclairpipe to resist anticipated burial conditions or when
confirming the adequacy of a selection which was made based on pressure class requirements three design criterion are
considered separately; vertical deflection, wall buckling and wall compression or crushing. The amount of deflection
which can be expected under specific burial conditions may be estimated using the form of the lowa pipe deflection
formula presented below. The estimated verrical deflection as a percentage of the mean pipe diameter is then compared
to the safe design limits presented in Table 1. In order to verify the adequacy of the pipe-soil system against wall buckling
or collapse the safe allowable buckling load (g4) is determined using the equation presented and compared to the
anticipated applied loads. Compressive stress in the pipe walls may also be estimated and compared to the safe
compressive strength of HDPE which is conservatively estimated as 800 ps.

DEFLECTION WALL BUCKLING
Ay = (DWc + W) Kx 12 The safe allowable buckling load for the soil-pipe structure (gs)
Ei + 0.061E'r (1.0) is estimated as follows;
gs = (DF) (32 Bw B’ E’ El/Daw?)05 (2.0)

Where; Ay = predicted vertical pipe deflection in inches.
-3 D/ = the dellection iag tactor to compensate for the

- time-consolidation rate of the soil, Where: g = s.a\‘e~ allowable buckling load in psi.
dimensionless. DF = design factor, 0.40 <G
Normally estimated as 1.5. Rw = water buoyaney factor, calculated as foliows;
We = vertical soil load on the pipe per unit length, in Rw = 1-0.33(hvh); 0< ha< h
pounds per linear inch. We is estimated by Where:  hw = height of ground water surface
muliiplying the appropriate value from Table 2 by above top of pipe in inches.
the outside diameter (in inches) of the pipe. h = height of ground surface above top of
W. = live load on the pipe per unit length, in pounds pipe in inches.

per linear inch. WL is estimated by muttiplying the
appropriate value from Figure 3 by the outside
diameter (in inches) of the pipe.
—iz. Kx = defiection coefficient, dimensionless, Use 0.083
for most installations. —
r = mean pipe radius in inches.
r = (0.D )2
tma = minimum wall thickness of pipe in inches.
e £ = Apparent modulus of elasticity of the pipe material
in psi. A long-term apparent modulus of 30,000
psi may be used in most situations.

| = the moment of inertia of the pipe wall for ring o
bending in inchesfinch. ,rir‘:'x’;g;":gm
1 = twd/12 soit above pipe

—=m E' = modulus of soil reaction, in psi. The appropriate

value for E’ should be selection from Table 3.

Table 1 ——
SAFE DESIGN LIMITS

Force mobilized
through passive
resistance of
embedmeni material

Dimension Aliowable Vertical Ring
“‘Ratio ' Defle as a % of Diameter

Laterat outward
movement of pipe wall

Figure 2: Mobilization of Enveloping Soil through Pipe Deformation
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Table 2
Verticat Soif Load in Ibs./in?
Depth to Top'{ Soil Density | Soif Density & Soil Density -| Soil Density
of Pipe'in f 90 Ibs.ft* 100 fbs it 110 lbs.fP 120 lbsit®

H-20 Highwray Loading |-
£:72 Railway Loading |

Table 3
Embedment Classes per ASTM D-2321

Awerage. Value of B

Degree " of Compaction
of Embedment  Material '
(Standard.. Proctor)

Class Soil Description . Soil
Group

Symbol

Dumged ~ Sfight -~ Moderate
: 85%

1A Manutactured aggregate
angular open-graded and
clean. includes crushed
stone, crushed shells.

8 Processed aggregate,
angufar dense-graded and
clean:: Includes Class 1A’
material mixed with sand
and gravel to minimize
migration.

I Coarse-grained soils,
clean. - Inctudes gravels,
gravel-sand mixtures, and
well and poorly graded
sands. Contains little to
no fines (less than 5%
passing #200).

] Coarse-grained soils,
bordedine clean to “with
fines™. Contains 5% to
12% fines (passing #200).

i Coaise-grained soils
containing 12% to 50%
fines. Includes clayey
gravel, silty sands, and
clayey sands.

iva  Fine-grained soils
{inorganic). Includes
inorganic silts, rock tiour,
sitty-fine sands, clays of
low to medium plasticity,
and silty or sandy clays.

Wb Fine-grained soils
{inorganic). Includes
diatomaceous silts, efastic
silts, fat clays.

\ Organic soils. Includes OL, OH,
organic silts or clays and PT
peat.

None 500 1000 3000

None 200 1000 2000

GW, GP,
SW, sp

200 1000 ¢ 2000

GW-GC, 200 1000

SP-SM

2000 3000

GM, GC,
SM, SC

100 200 1000 2000

ML, CL 50 200 400 1000

MH, CH No date available; consult a
competent soils engineer.

Otherwise use E' equais zero.

No date available; consult a
competent soils engineer.
Otherwise use E' equals zero.

Figure 3: Live loading due to vehicle traffic

B’ = empirical coefficient of elastic support,
dimensionless. Calculated as follows;
B = (1 + 4e0.065H)1
Where: H = burial depth to the top of the pipe in fr.
Davg = mean pipe diameter (O.D. - tmin)

For most pipe installations satisfaction of the wall
buckling requirement is assured when the following
equation is true;

‘Yw/}w + R\v(W(:/Davg) + Pv £ Gga (2.1)

Where; yw = specified weight of water (that is, 0.0361
Ibs./in.3) in pounds per cubic inch.
Pe = internal vacuum pressure (that is,

atmospheric pressure less the absolute
pressure inside of the pipe), in pounds
per square inch.

In some situations, consideration of live loads in addition
to dead loads may be appropriate. However, simultaneous
application of the live-load and internal vacuum transients
need not normally be considered. When live loads are
being considered, the buckling requirement is assured
when the following equation is true;

‘Y\\-/?\\" + R\\"(W«,/Davg) + w:./Davg < qu (22)

' E'values taken from Bureau of Reclamation table of average values and
modified slightly herein to make the values more conservative.

COMPRESSION

The compressive stress which will exist in the pipe wall
due to anticipated burial loads {(g+) can be estimated using
the following equation;

g = (Wo+ W)/ (2tmin) (3.0)

Satisfaction of the wall compression is assured when the
following equation is true;

o < 800 psi 3.1)
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CRITICAL PRESSURE FOR UNSUPPORTED PIPE:

In locations such as bogs, swamps or underwater, empty polyethylene pipelines can collapse if subjected to an excessive
external/internal pressure differential.  Such differential pressures may be caused by drawing a vacuum or by simply
increasing the external hydraulic loading. Limiting critical pressures have been calculated from the modified lowa
Equation using a modulus (pipe stiffness) equivalent to 50 years of exposure to the critical pressure. Table 4 shows the
critical pressure at 73.4°F for various pipe DRs or wall thicknesses. These critical pressures will cause full collapse of a
pipe which has no initial deflection and is subjected to no stresses other than the net external pressure. However, damage
can result to the pipe through excessive straining before full collapse, necessitating other safety factor considerations. For
more information on the selection of pressure rating for unsupported pipe, see the section on Vacuum & External
Hydraulic Overpressure.

Table 4
CRITICAL PRESSURES FOR PIPE WITHOUT SUPPORT

Net External
Critical Pressure (Pcr)
{psi)

Dimension
Ratio

CRITICAL PRESSURE FOR SOIL-SUPPORTED PIPE:
Experimental work has shown that soil-supported pipe has a much greater capacity to withstand vacuum or net external
pressures than pipe without support. This is particularly important when evaluating the effect of negative hydraulic
transient pressures that may arise in pressure lines with sudden valve closures or pump failures. Treatment of this
problem should be referred to your nearest K\WH Pipe office.

Bedding Limitations:

* Always level the trench bottom, taking care to remove all sharp rocks and/or protrusions within 6 inches of the pipe.

» Ensure that the bedding material is worked into uniform contact with the pipe at the haunches.

* When bedding soil is non-compactible by its own weight, use mechanical compactions - DO NOT
MECHANICALLY COMPACT DIRECTLY ON TOP OF THE PIPE - PLACE ONE FOOT OF BEDDING
BEFORE COMPACTING DIRECTLY OVER THE PIPE.

* Do not allow rocks or frozen clods within a one foot bedding “envelope” around the pipe.

« See the Construction brochure for further details and burial information.

SAMPLE PROBLEM: Part 2 Wall Buckling;
h. = 0.00in.
Problem R. = 1.00
A 48" DR32.5 sewer pipe is to be buried with a depth of B = (1 + 4e0085X10)1
cover of 10 feet to the top of the pipe and must withstand = 0.324
H-20 truck traftic. Davg = 48 - 1.453
if the pipe is above the groundwater table and embedded in = 46.547 in.
Type 1B material (ys = 110 ‘Ibs/ft.) compacted to 85% - Qa = (1/2.5)(3240.324x%1,000%30,000x0.256/46.5475)05 (2.0)
Standard Proctor Density, is the pipe selection adeguate? = 11.24 psi
Now check:
Solution 0.0361%0.00 + 1.00x364.8/46.547 + 67.2/46.547 < g (2.2)
Part 1 Deflection; 9.281 psi £ 11.24 psi
We = 7.6x48 = 364.8 Ibs/in. .. Pipe selection is adequate for buckling criteria
WL = 1.4x48 = 67.2Ibs/in,
r = (48-1.453)2 = 23.274in. Part 2 Wall Compression; (3.0)
I = 14533/12 = 0.256in. o. = (364.8 +67.2)/ (2x1.453)
E' = 1,000 psi = 148.658 psi
o. < 800 psi (3.1)
sy= (1.51364.8 + 67.2) 0.083 % 23.274% (1.0) ... Pipe selection is adequate for wall crushing criteria

30,000 x 0.256 + 0.061 x 1,000 x 23.2743 )
Since the selected pipe meets the requirements of all three

0.828 in. ot the design criteria the pipe selection is structurally
1.78 % of the mean pipe diameter adeguate.
.. Pipe selection is adequate for deflection criteria



' HDPE LEACHATE COLLECTION PIPE DESIGN BY FUNDAMENTALS OF
MECHANICS

Steven Harrison, P.E., Rabanco Inc.
Reynold K. Watkins, PhD, P.E,, Utah State University

Abstract:

Two methods for design of HDPE leachate collection pipes (LCP) are discussed and -
contrasted. The Modified lowa Formula is examined and its shortcomings as a tool
for flexible pipe design are illustrated. A design widely used in the steel
pipe industry and based primarily on the ring compression formula and the
of the pipe walls is and shown to be more applicable to LCP design.

Introduction:

Modern buried pipe design started in 1913 with Anson Marston, Dean of Engineering
at lowa State College. Iowa’s muddy were a problem. Marston reasoned,

’ emedy must include buried drain pipes. For design of the pipes
e proposed the Marston theory of carth loads on buried pipes. A pipe would have to
support the weight of backfill soil in the trench above the pipe, reduced by friction on
the trench walls. A student, M.G. Spangler, was assigned the task of testing
Marston’s load theoty in the laboratory. He discovered that soil could be
the pipe, supports part of the load. Spangler$ work to quantify this support later led
to the use of the “prism” load which is manifested by the backfill material above the
pipe only (oot the full trench width). At the time whea Spangler began his work
however, drain pipes were rigid pipes of concrete and clay tile and for design the pipe
had to be strong enough, in three edge bearing, to support the Marston load.

Then, bowever, Armco began marketing corrugated steel drain pipes. The
flexibility of these pipes required a different theory. Spangler noted that a flexible
pipe depends upon the side fill soil to support the pipe arch against spreading and to
support much of the Marston load. He developed a more relevant pipe-soil
interaction theory of analysis and focused on the new performance limit of ring
deflection that flexible pipe brought with it. S jer derived the Iowa formula to
predict ring deflection and published it in 1941. The original formula was flawed,
however, and Spangler, by now a professor at lowa State, asked his student RK.
Watkins to check the derivation. Watkins found that the soil modulus did not have
the units. The Modified lowa Formula was published in 1958". It has been
‘widely, but not exclusively, used ever since. It should be noted here that Spangler

Presented at the Nineteenth International Madison Waste Conference, September 25-26,

596_, Department of Engineering Professional Development, University of Wisconsin-
‘ﬂdl!ﬂﬂ.
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_pipe in stiff embedment. Watkins concluded that the ring compression formula is the

never intended that his equation be used as a primary design tool. The lowa formula
only predicts ring deflection. Unfortunately, it is based on some difficult
assumptions and judgments.

In 1960 Howard White” of Armco, published a design approach based on ring
compression and the pipe’s wall crushing strength. This approach has been in
widespread use by Armco and others ever since. Watkins, meanwhile, attempted to
measure the modulus of soil reaction in the laboratory. He discovered that the value
of this vanable varies with of cover and is notjust a property of the soil. He
also found that the Modified Iowa Formula overestimates ring deflection for flexible

correct fundamental design appmach and should be used while also checking for
o.th,er possable performance limits.

Since the early 1960s, two approaches to the design of buried flexible pipe have been
in common use. The landfill industry has focused on relatively flexible HDPE pipe
and the Modified Jowa Formula. HDPE pipe design guides generally include the

ring compression formula as a check but imply that ring deflection, calculated using

fied lowa Formula, should govemn. It is not entirely clear why this is so;
perhaps it appears more conservative. The following discussion of the

formulae and issues involved explains why the Modified Iowa Formula should not be
used to design HDPE leachate collection pipes.

The Modified lowa Formula
The Modified lowa Formula is as follows

D;‘_K___c_“
EI+ (0.061 E'C

Where

AX is the horizontal deflection of the pipe wall, at the spring line, on one side
of the pipe, in inches. Usually assumed equal to vertical deflection (AY).

D, is the deflection lag factor. This was introduced by Marston and
generally accepted by Spangler as part of their load calculations. Though
Marston used trench width and Spangler used pipe width to define the
potential load on the pipe, both assumed that the subject column or
“prism” of backfill matenial would not immediately follow a deflected
pipe downward friction between this prism and the adjacent soils
would resist such movement and partially support the prism. They
started with a load less than the weight of the subject backfill and then, in
order to account for the fact that this friction based support would
partially deteriorate with time, Spangler applied this deflection lag factor.
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" He effectively put back some of the load he had taken out when
accounting for friction on the prism side wall. If a designer simply uses
the weight of the entire prism as the load in the first place then he may
use a value of 1 for the deflection lag factor and consider his load
estimate to be conservative (unless down-drag by the adjacent soils, on
the prism, will occur - this should not be the case with LCPs).

K is the pipe bedding factor. It accounts for the completeness and quality
of the pipe embedment in the haunches. The values assigned to this
variable only vary from approximately 0.083 for a condition where the
pipe is carefully bedded with good embedmeat material from springline
to springline, t0 0.11 if a pipe is to be placed on a hard flat surface with
no effort made to fill the haunches properly. Its published values were
arrived at by empirical methods. A value of 0.10 is usually assigned.

' W, is the prism load, or the weight of the soil prism minus the side wall
friction support per unit length of pipe, in Ibs/inch. If the deflection lag
factor is set equal to one then the weight of the prism without any

' correction can be considered to be conservative.

r is theradius of the pipe, inches.
E isthe modulus of elasncxty of the pipe wall, Ibs/in’.

I is the moment of inertia of the pipe wall, in*in. E times I expresses the
stiffness of the pipe. ‘

E’ is the modulus of soil reaction, bs/in’. It expresses the ability of the
sidefill soil to resist horizontal movement of the pipe into the sidefiil.
Spangler first attempted to estimate this value for various soil types but
could not measure it directly. He then used limited field data from
relatively shallow pipe burials and relatively stiff pipes and back-
calculated to find values for his original soil modulus. When Watkins
replaced this modulus with the dimensionally correct E’, Spangler’s
values were adjusted accordingly. The table of E’ values, subsequently
published in the late 1950’s, are the values typically employed in the use
of this formula whenever it is applied. It is not possible to have a soils
lab find E’ for a specific embedment material. There is no ASTM

- procedure for it. Confusion sometimes occurs in regard to this issue
because there is another, similar, definition normaily applied to the term
E’. The normal E’ is simply the modulus of elasticity which is the ratio
of stress to strain . This normal E’ reflects elastic, not passive, behavior.
The E’ in the Modified Iowa Formula is about passive soil resistance at
soil slip. It was conceived in response to the belief that the pipe side
walls would be motivated, by a concentrated load at the top of the pipe,
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to push a significant distance into the sidefiil soil and that the sidefill
soils would be under a lesser confining pressure. Under deep burial
conditions no such concentrated forces exist and the modulus of soil
reaction E’ becomes inconsequential.

Spangler modeled the system as three moving parts: The soil prism load, sitting on
top of the pipe; the pipe that deflects under the load; and the sidefill which he treated
as a spring that resists horizontal deflection of the pipe. This model is not
representative of conditions to which an LCP is exposed for the following reasons:-

e The modulus of soil reaction, E’, is employed as a spring constant whereas
the soil is not an elastic material (not spring-like).

e After deep burial, such as the first lift of waste, the forces requiring a spring-
like reaction from the sidefill soils no longer exist (see discussion of E’
above).

e The model does not consider the behavior of the sidefill in the vertical
dimension.

Extensnve smdxw by Watkins at the’Utah State Univetsity Buried Structures Lab and

] smb. It aemally deﬂects shgmy less than the sxdeﬁll sonls due 0 the soil
:fs over: the pxpe, but assummg that it will deflect equally is an easy and

serv dersi this relationship, one can predict the
deﬂon of the pipe by measnnng the deﬂecuon of the embedment matenial, under
the design load, in the lab, or estimate it using the normal soil modulus.

arcﬁ that

The premise that the pipe will not deflect more than the sidefill soil implies that the
prism of soil does not follow the pipe downward because it is supported by a soil
arch. Arches, unlike trench wall friction, can be relied upon to provide permanent
support. Of course, if the columns on which the arch is resting (the sidefill soils)
compress then the arch will move downward. The flexible pipe will offer relatively
little resistance and deflect under the arch about as much as the “columns”™ compress.

If however, a stiff pipe is installed in a more compressible embedment, it may deflect
considerably less than the sidefill soils, punch through the soil arch from below and
end up carrying the full prism load by itself. In this case, the sidefill soils do little
more than support the sides of the pipe against outward movement, and the model on
which the Jowa Formula is based is valid. Assigning a value to the modulus of soil
rcacuon is still guesswork, but at least you are operating in the correct model if you are
concerned with deflection (usually not the mode of failure for stiff’ pxpa) Over-
deflection of pipe is the primary mode of failure only when flexible pipe is installed
within highly compressible embedment or when hydrostatic forces act on a partially
deflected flexible pipe (not possible in perforated pipe systems- unless they somehow
become plugged).




The following graph illustrates the inaccurate behavior of the Modified Iowa
Formula. [t behaves in this inaccurate manner for reasons just discussed. The ratio
of the percent ring deflection (AX/pipe diameter) to sidefill soil strain is entered on
the vertical axis of the graph. The ratio of soil stiffness (E’) to pipe stiffness (EV/D’)
is entered on the horizontal axis of the graph. Two lines are plotted. One line
represeats the results of many large scale “lab” tests conducted at Utah State. The
other line is constructed by using all the same values, except, instead of using the
measured percent ring deflection, it uses the percent ring deflection predicted by the
Modified lowa Formula.

Compsrison of the Iowa Formula and an Upper Limit Empirical
piot for predicting ring deflection of flexible buried pipes.
£y = EAFIA) = Pips SUMass Ratlo (Dimensionless) Asymptete - 164

i 2 3 4 s 6 7

I-ST

/¢ w Ring Detlection Term
{Bimsnaloniess)

Rg = EXEVD’) = Ring Stiffness Ratio { Dimensioniess)

[F——"Pretictions of Modified lows Formula ———Upper Limt Empirical (Results of Teiting)

As shown by the graph and discussed above, the Modified Iowa Formula is
reasonably accurate when applied to the situation of a semi-rigid pipe in a
oompwssble soil embedment but very inaccurate when applied to a flexible pipe in a
stiff embedment. Properly embedded HDPE leachate collection pipes fall into this
second category.

'HDPE leachate collection pipes are flexible, perforated and not exposed to
concentrated loads (like the loads applied by wheels of a truck over a shallow culvert
- this type of loading can potentially “punch through™ the soil arch from above).
LCPs are under high fill conditions and the same circumstances that maintain a tunnel
through a mtain help prevent properly bedded LCPs from flattening or otherwise
failing. The embedment, preferably crushed rock, is strong and granular. The pipe
is weak but continvous. Togedaenheyformasystemmthanopw conduiit at its
center. The embedment resists crushing while the pipe holds the embedment in place
and helps stabilize the limits of the arching material against spalling. The pipe also
supports the rubble load between the soil arch and the top of the pipe, but this is a
small load. The HDPE LCP’s hardest days are immediately following the




application of new loads. The details of why this is and how to properly design these
pipes are preseated below. There is, however, still one more important thing to say
about design by pipe deflection analysis.

Whether a designer estimates pipe deflection by the Modified lowa Formula or by
of the sidefill soils, he/she must still decide what the allowable limit of
deflection will be. The limit for HDPE pipe is not standardized. The following

~ criteria have all been suggested for use in selecting allowable deflection for HDPE
pipes (roughly in order of magnitude).

o The yield deflection, which is that degree of deflection where the load
need not increase in order to result in continued deformation (magnitude
varies).

o The field evidence of case histories which show that deflections up to at
least 20% do not lead to failure. (Case histories on file at ASTM).

o Ease of cleaning considerations which suggest that deflection should be
kept below 5 to 7%.

¢ Calculations of allowable tangential strain in the outer surface of the pipe
wall. This approach results in different values of allowable deflection for
different SDRs but it does not seem-to account for the creep and
subsequent stress relaxation behavior of HDPE. It also considers surficial
cracking as failure whereas such cracks may not affect the performance of
properly bedded, perforated leachate collection pipe. (See ASTM F 714-
94).

Fortunately for landfill designers, deflection should not usually be an issue.
Design by fundamentals of mechanics: v

This approach focuses on wall crushing strength and checks deflection and
longitudinal effects. It aims to design the pipe and embedment as a system. The
embedment material is chosen to limit deflection and the pipe is selected based on
wall crushing strength as determined using the ring compression formula. The
approach is conservative in that, while it recognizes that the arch over the pipe
prevents.-the soil prism from following the pipe downward, it does not quantify the
transfer of load from the pipe to the arch. The pipe is still selected such that the
compressive streagth of the pipe walls is adequate to support the entire prism load.
This approach is applicable to situations where the embedment material is stiffer than
the (flexible) pipe and concentrated loads are not expected, such as when HDPE
LCPs are embedded in crushed rock or other stiff aggregates for service at the bottom
of a waste pile.



223

A designer may enter this design process at any one of several points. Typically,
he/she will have a preliminary design configuration in mind and need to check and/or
refine it. At this point the designer may check the structural adequacy of the pipe
using the ring compression formula.

The Ring Compression Formula:
' This formula may be written as follows:

Cc = PD
2T

Where:

Oc is the magnitude of compressive force, or pressure, experienced by the
pipe wall (psi). If this pressure is greater than the compressive -
strength of the wall then the wall will fail by crushing. The unit
‘compressive strength of the material from which the pipe wall is made
may be substituted here. The equation may then be solved for wall
thickness.

P is the maximum unit pressure expected to act on the top of the pipe.
This is equal to the deasity of the material over the pipe (the density of
the waste pile) times the thickness, or depth, of burial.

D xsthedtameterofthepnpe anaDnsSpanglerspnsmloadw:ﬁlom
corrections for sidewall friction (conservative).

T is the thickness of the pipe wall. The use of 2T as the denominator
expresses the fact that the load (PD) is supported by both the right
wall of the pipe and by the left wall (at the 3 and 9 o’clock positions).

The equation can also be written o¢ = P (dr)/2 where “dr” is the dimensional ratio
expressing the wall thickness of the pipe (also called “SDR”).

If the pipe is made of HDPE then the initial compressive strength of the material
should be used (approximately 3500psi). This is-because, in the long run, the pipe
will be exposed to a condition of constant strain, not constant stress, and its
compressive strength will not regress with time. Under conditions of constant strain
the rate of relaxation of the HDPE matrix is greater than the rate of strength
regression. This means that a newly buried pipe will react, relatively quickly, to
pressure within its walls, by relaxing. This, in turn, transfers more of the load from
the pipe to the soil arch and soon the pipe is no longer experiencing the subject
pressure. Without the constant pressure, or stress, the strength of the HDPE will not
regress. If additional load is applied which compresses the embedment further and
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re-loads the pipe, then the pipe will be able to resist this new pressure with all of its
original compressive strength as it begins, again, to relax.

Relaxation is not creep. Creep-implies a long chain molecule in an irregular coil-like
shape experiencing a change to the overall length of the coil. Relaxation is the
subsequent behavior of the chain to establish its new, stable, configuration as its
equilibrium (or “relaxed”) shape. Relaxation cannot occur while the applied stress,
and the associated creep, are happening. It does occur, under conditions of constant
strain, after the limit of deformation is reached.

The use of the ring compression formula described above is conservative primarily

it does not account for the pipe’s ability t0 relax and reset for additional
loading. The use of the ring compression formmila described above assumes that the
entire maximum prism load is applied in one lift and that the pipe must bear all of it.
In pormal landfill operations the load is applied in several lifts of waste, usually
months or years apart. By the time the second lift is applied the induced in -
the pipe walls by the application of the first lift are gone and the pipe need only be
styong enough to tolerate the pressure created by the second lift. Because of
relaxation and the formation of the soil arch, the LCP walls never experience the
pressure calculated by the ring compression formula using the full depth of

“burial. Assuming that they do is conservative.

The two remaining steps in this design approach are to check the deflection and for
longitudinal effects.

Pipe deflection is assumed equal to the deflection of the sidefill soils. Selecting the
sidefill soils, and the embedment material in general, is critical to a successful LCP
design. This material should be durable and as incompressible as possible. Durable
crushed and rounded rock are both materials for this application. Sand may
also be adequate if it can be installed in a dense condition which limits its subsequent
settlement or compressibility. Under extreme loads rounded rock may be best since
the point loads that develop within the matrix are less than such loads within a
crushed rock installation. The greater friction angle of crushed rock adds some
benefit during construction, when concentrated loads are possible, but little or no
benefit during service.

The expected deflection of the sidefill soil material is determined in the lab or by
using published estimates. of the modulus of elasticity for the selected material type.
Other soil characteristics may also have to be considered if material other than free
draining rock is selected. In any case the pressure used is the pressure expected on
the material at the design burial depth. The length, or height, of the column of
material being compressed is set equal to the original outside diameter of the pipe.
The deflection of the pipe is assumed equal to the deflection of the side fill soils only.
Deflection of embedment materials above and below the pipe does not effect the
deflection of the pipe. ' '
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Once the deflection of the pipe has been estimated in this way it is compared to
whatever deflection criteria the designer has selected.

Longitudinal effects are deformations of the pipe due to inconsistent support by the
pipe bedding and/or material below the bedding. For instance, if a pipeline is
installed over a soft spot in otherwise firm foundation soils, it will be well supported
before and after but sag within the soft area. This will cause compression of
the pipe walls at the top of the pipe and tension at the bottom. A designer may
determine the magnitude of these compressive and tensile forces and check them -
against the strength of the proposed pipe. This situation should not occur in LCP -
installations and so is not discussed further here.

geometry considerations include the width of sidefill soils and cover
over the p:pe Expenmems at Utah State have shown that half a pipe diameter is
usually sufficient to manifest the arching action but the authors recommend a
minimum of one full pipe diameter. For LCPs set at a simple break in grade the
embedment material must be installed to sufficient width to provide adequate cover
while considering the angle of repose of the material. This usually dictates more than
sidefill embedment. It is also best to taper the embedment material its
high point above the pipe down graduaily to meet the drainage material of the
leachate collection layer (or construction layer) such that there is no-abrupt protrusion
of the embedment material into the waste. Such an intrusion could tend to increase
the load on the soil arch by causing down-drag on the prism of waste directly above
the pipe. Every effort should be made to densify all embedment materials. Pea

gravel bedding and other clean aggregate embedment material should be installed in
lifts and vibrated in place.

Summary

Perforated HDPE leachate collection pipes installed within stiff and durable
embedment matenal for service under a waste pile represent one of the most
straightforward and fail- safe of -all pipe installation scenarios in regard to structural
stability. Their deflection is not predicted by the Modified Iowa Formula and should
not be a limiting design critena. The mode of failure for such pipes is wall crushing,
which is avoided by selecting good embedment and pipes with adequate wall strength
as expressed by the ring compression formula. Using this formula with the full prism
load is conservative.

Watkins, R.K. and M.G. Spangler: “Some Characteristics of the Modulus of
Passive Resistance of Soil - A Study in Similitude”, Highway Research Board
Proceedings, Vol. 37, 1958, pp. 576-583.

2. White, HL. and J.P. Layer: “The Corrugated Metal Conduit as a Compressive
Ring”, Highway Research Board Proceedings, 1960, Vol. 39, pp. 389 - 397.
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TITLE: STRUCTURAL CAPACITY OF THE LEACHATE COLLECTION PIPE

Problem Statement

Determine if the proposed leachate collection pipe possesses sufficient strength to Support the
overlying landfill materials, in accordance with 35 lll. Admin. Code Section 811.308 (e), considering
the following failure modes:

1.

2.

Given

Wall buckling

Wall crushing

Calculation Earthloads on the Leachate Collection System contained in this application
(Appendix I).

Calculation Ring Deflection of Leachate Collection Pipe contained in this application
(Appendix I).

KWH Sclairpipe® product information (refer to attached pages).

Formula used to calculate the safe allowable buckling load for the pipe (reference
KWH Sclairpipe® ):

05
32R B'E'EI
qa = (‘D F ) D3
avg

Where,

g, = Safe allowable buckling load (psi) e=2.718

DF = Design Factor H = Height of fill above pipe (ft)

R,, = Water Buoyancy factor = 1-0.33(h,/h) ' h = Height of fill above pipe (in)

B’ = Coefficient of elastic support = (1+4¢°95Hy1 h,, = Height of water above pipe (in)

D,., = Mean pipe diameter = O.D. - t;, E’ = Modulus of soil reaction (psi)

E = Long-term modulus of elasticity of the pipe material (psi)
I = Moment of inertia of the pipe wall for ring bending (in*/inch) = t,,.3/12
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An equivalent form of the equation is derived as follows:

)
39| =
321 12

D, (o.p-1,,)

3

o )_ 267 267

(o.p-1,,) (O.D. 1)3—(SDR—1)3
t

o (DF)( 2.67RWB'E'E) >
e (SDR- 1)}

i

Where,
SDR = (Standard) Dimension Ratio = (pipe outer diameter)/(pipe wall thickness)

5. Formula used to calculate compressive stress which will exist in the leachate collection
pipe due to overlying loads (reference KWH Sclairpipe® ):

Where,

o, = compressive stress acting on leachate collection pipe (psi)
W = Maximum earthloads acting on leachate collection pipe (Ib/in)
t.. = thickness of leachate collection pipe wall (inch)

6. The worst case scenario is the leachate collection piping within the Chemical Waste
"~ Unit which specifies a 6-inch SDR 11 HDPE pipe. ’

7. DF = 0.4 (reference KWH Sclairpipe® )

8. h,, = 1.0 inch (conservative estimate)

9. H = 172.7 ft (reference “Earthloads” calculation)
10. h =2,072.4 inches
11. E = 30,000 psi (reference KWH Sclairpipe® )
12. E’ = 3,000 psi (reference KWH Sclairpipe® )

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\structural capacity of LCS pipe.wpd
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13. '0.D. = 6.63 inches for a 6-inch SDR 11 Pipe (reference KWH Sclairpipe® )
14. t... = 0.602 inches for a 6-inch SDR 11 Pipe (reference KWH Sclairpipe® )
15. W = 680.3 Ib/in for a 6-inch SDR 11 Pipe (referencé “Earthloads” calculation)

16. o, (max allowable) = 800 psi (reference KWH Sclairpipe® )
Calculations |
Wall Buckling

Calculate q, for-a 6-inch SDR 11 Pipe:

w =1-0.33[P—“1} =1-0.33 _1
h 2,072.4

B' = (1+46°°)" = (1+4(2.718) """ )” =1.0

} =0.99984

2.67R BEE

s =196.1
(SDR - 1)

q, = (DF)

= (0.4)[(2'67) (0.99984) (1)(?;, 000)(30,000)]“‘
(11-1)

Verify that the landfill load is less than the safe allowable buckling load for a 6-inch SDR 11 Pipe:

Verify : R |—i<
fy “|D,.. <q,
R, -Vy— = (0.99984 ————w—— =112.8 psi
Davg . (6.63-0.602)

Factor of Safety = 1961 _ 1.74
112.8

T\Projects\2007\128017 - Clinton TCSA\Desigmleachate\structural capacity of LCS pipe.wpd
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Wall Crushing

Verify that the compressive stress, o, is less than 800 psi for a 6-inch SDR 11 Pipe:

W _ 680.3

o = = = 565 psi
< 2t  2(0.602) P
Factor of Safety = 800 _ 1.42

565

The above calculation for Wall Crushing utilized very conservative assumptions when calculating the
Factor of Safety. The leachate collection pipe is surrounded by a gravel envelope that serves as a
additional level of protection if the leachate collection pipe would be crushed. If the pipe was crushed

or became clogged, leachate would still flow to the designated collection point through the gravel
envelope. ’

Results
In accordance with 35 lll. Admin. Code Section 811.308 (e), the proposed leachate collection pipes

will possess sufficient strength to support the overlying landfill, as shown by the calculated factors of
safety against pipe wall buckling and pipe wall crushing for a 6-inch SDR 11 Pipe.

6-inch SDR 11
Pipe Failure Mode Factor of Safety
Wall Buckling 1.74
Wali Crushing 1.42

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\structural capacity of LCS pipe.wpd
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Rules for Choice of Pipe Weight

PRESSURE CLASS DESIGNATION

SCLAIRPIPE® high density polyethylene (HDPE) pipe pressure class ratings are designated by a Dimension Ratio (DR)

number. This is a common “ra(infg” system specified by ASTM, AWWA and CSA for polyethylene pipes. The DR num-

ber is also used for pressure classification of other non-metallic piping materials such as PVC, ABS and polypropylene.
A dimension ratio is defined as the ratio of outside pipe diameter to minimum allowable wall thickness. The relation-

ship of a pipe’s dimension ratio to a pipe’s standard pressure rating is described in the modified 1SO formula as detailed

below:

P = (QHDS)@®
DO -t
where: P = maximum operating pressure at 73.4°F under steady state conditions
HDS =  Hydrostatic Design Stress at 73.4°F
t = mintmum pipe wall thickness
Do = pipe outside diameter
and: DR = Do/t
By substituting the above relationship into the modified ISO formula, it reduces to:
P = 2 (HDS)
DR -1

This simplified relationship shows the pipe pressure rating, B as a function of the pipe DR number and the hydrostatic
design stress of the resin used ro extrude the pipe.

The HDS is derived from the extrapolation of a series of hydrostatic pressure tests used to define the pipe’s time-to-fail-
ure envelope. Circumferential wall stress (hoop stress) is developed by pressurizing a number of pipe samples and record-
ing the time to failure. This data is analyzed according to the method described in ASTM D2837 1o extrapolate and pin-
point the pipe compounds Long-Term Hydrostatic Strength (LTHS). The LTHS is then used to categorize the pipe’s
Hydrostatic Design Basis (HDB) based on the respective range that it fits into. Once the HDB is assigned to the pipe’s
hydrostatic capabilities, it is reduced by a design factor of 0.50 to determine the Hydrostatic Design Stress (HDS). This
allows an appropriate safety margin and permits operation with the reasonable expectation that the pipe will have indef-
inite life (i.e. 50 years or more).

DESIGN CRITERIA

For each pipe DR number, there is a corresponding maximum allowable continuous operating pressure at 73.4°F when
used in water service. This pressure rating varies when different pipe design hoop stress values (HDS) are substituted into
the pipe design equation. Typically, HDPE pipes are made from materials qualified as PE 3408 which means the
compound has a HDS of 800 psi.

This pipe design methodology has been checked against long term pipe strain. Strain in polyethylene pipe has been
found to govern the life of the pipe system. Operation at the design stress level should induce no greater than 3% strain
over 50 years of continuous service at 73.4°E This is consistent with other investigations where the long term strain
design limit of 3% to 4%, incorporating a 0.5 design factor, has been designated.

SUMMARY OF RULES FOR PIPE SELECTION

As described previously, a specific DR and material hydrostatic design stress, HDS, produces the same continuous
standard maximum operating pressure for 50 years life at 73.4°F incorporating a 2:1 safety factor, regardless of the
nominal pipe size (NPS).

In design, it is this “pressure” rating which can be factored to provide a “service” rating depending on the conditions of
service. Service factors can vary from 1.0 (or more) to 0.25 {or less) and will depend on the relationship between the
pipes’ operating conditions, the pipes’ intended use and expected lifetime.

Certain operating conditions may not necessarily utilize a design service factor such a buckling and pipe deflection in
buried pipe applications. Here, design performance limits have been defined for each pipe DR rating. How service
factors and design performance limits are defined, are discussed in the appropriate sections of this manual.

bt e 4 o g L 3 .

Installation of 24 inch SCLAIRPIPE for a twin sewage siphon line SCLAIRPIPE used in a tailing applications at a molybdenum mine
in Victoria, B.C. The pipe is completely resistant to seawater and its in Arizona. Inclusion of 2% finely dispersed carbon black ensures
smooth surface discourages the adherence of algae and other that the pipe is resistant to ultraviolet light degradation enabling it to
marine growths. be installed at grade. Anchoring of the pipeline is achieved simply

by dumping a load of tails on the pipe at regular intervals.
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Internal Pipe Pressure

”

Pressure performance requirements for SCLAIRPIPE at 73.4°F are as follows:
ASTM F714  The pipe shall not fail, when tested by the methods detailed in ASTM D1599, in 60 to 70 seconds
at a pressure less than 3.63 times the standard pressure rating.
ASTM F714  The pipe shall not fail, when tested in accordance with ASTM D1598, in 1,000 hours at a
ressure equal to 2 times the pipe standard pressure rating.
ASTM D2837 The pipe shall withstand a pressure equivalent to 1.97 times the pipes standard pressure rating
for a period of 11.4 years (100,000 hours).

It should be noted that the above requirements are test requirements under laboratory conditions and therefore must be
adjusted by a design factor to be used for pipe pressure rating purposes. Although a basic design factor of 0.5 is used for
determining long-term (50 years) operating limits, shorter term phenomena may be related to the “safe strain limit” which
laboratory investigations demonstrate to be approximately 3% to 4%. The following maximum stress levels are therefore
recommended for protection against varying terms of pressure exposure for Sclairpipe produced from a PE3408 material:

Duration of Surge Maximum Allowable
or Pressure Phenomena Hoop Stress at 73.4°F

up

Uprolhour |
- Lhourto [000hours | .
Sustained pressure, 50 years

1465 psi

800 pst

The above recommendations are based on the assumption that the pipe will not be subjected to other imposed stresses.
They refer to phenomena which cease within the time limits given and the pipe then returns to a “normal” operating
pressure. These phenomena may be repeated with reasonable expectation that the service life expectancy of the piping
will not be significantly affected. :

Regular pressure cycling, outside of hydraulic transient situations, should not be accommodated in this way. When
such cycling is expected as a regular condition of operation, the highest pressure anticipated for the majority of the
operating time should be considered as the operating pressure and treared as though it would persist continuously for the
design life of the system.

SHOCK LOADS

Hydraulic shock loads (sometimes called “water hammer”) can be difficult to calculate in complex systems, however, their
presence and cause can be predicted. For further information reference should be made to the “Waterhammer and
Hydraulic Transients” section of this manual.

Tt is often more economical to eliminate the cause rather than attempt to accommodate stresses by increasing the
standard pressure rating of the selected pipe. It is known that under some conditions, a lighter weight pipe will be more
resistant to damage under these conditions than a heavier weight pipe and that rigid materials and structures will increase
the magnitude ogthe stresses. Overpressure is not likely to be a limiting factor in design. Negative pressures, resulting
from column separation and pressure shocks resulting from the collapse of the separation, are more likely to be limiting
factors in design.

EXTERNAL LOADS

Performance limits with regard to earthloading design and external hydraulic loading follow the recommendations given
in “Earthloading - Design of Underground Piping Systems” and “Vacuum and External Hydraulic Overpressure” sections
of this manual. Strength requirements under these conditions are functions of the cube of the Dimension Ratio (DR).

ENVIRONMENTAL CONDITIONS

Temperature is the most important environmental consideration. For operation at temperatures in excess of 73.4°F a
thermal service factor should be applied to the pressure rating as described in “Design Considerations Related to
Environment” section of this manual.

Corrosive conditions are normally not a consideration with SCLAIRPIPE, but they do occur in industrial processing
uses associated with strong oxidizing chemicals (see section on “Chemical Resistance and Permeability”). Oxidation,
which results from exposure to certain aggressive chemicals is usually manifested by embrittlement of the surface and a
significant reduction in the long-term stress resistance of the material.

The polyethylene material used in the manufacture of SCLAIRPIPE has a high resistance to environmental stress
cracking. However, when the pipe is stressed in the presence of certain surface active chemicals, e.g. wetting agents,
environmental stress cracking can take place with a detrimental effect to the products projected long-term life.

When chemical resistance is in doubt, exposure tests are recommended. Generally these tests follow the procedures
described in ASTM D543. Changes in tensile properties can be measured on ring tensile specimens in accordance with
the procedures described in ASTM D2513, paragraph 8.6. Significant variation between control specimens and those
exposed to the chemical is generally accepted as evidence of corrosive degradation and decisions as to use of SCLAIRPIPE
in this application shall be made accordingly.

Direct assistance of K'WH technical personnel is reccommended where further explanation and assistance is required.
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Earthloading - Design of Underground Piping Systems

e R

INTRODUCTION

This section defines the performance limits for SCLAIRPIPE polyethylene pipe in the following three burial
environments - in varying soils and soil compaction levels, in firm soils where the buried pipe is subjected to external
hydrostatic pressure and in firm and loose soils with the buried pipe subjected to internal vacuum or net external
hydrostatic pressure. In all cases, the pipe is considered to be empty with no resistance to deflection contributed by
internal pressure. :

Flexible conduits react to earthloads or external hydrostatic loads very differently than rigid pipes do. The natural ring
stiffness of the flexible pipe contributes only a small portion of the total resistance to def%ection; most of the resistance
arises from the soil stiffness. When the buried pipe deflects slightly in the vertical axis, the accompanying ourward
movement of the pipe side walls mobilizes the support available due to the stiffness of the surrounding soil envelope.
Figure 2 provides an illustration of this mobilization process. The pipe is supported against further movement and
exhibits load-bearing capabilities far greater than unsupported pipe. The amount of support which is available in the
embedment soil is a direct consequence of the installation procedure. The stiffer the embedment materials are; the less
deflection occurs and the more stable the pipe-soil system is.

DESIGN CRITERIA

When selecting the most appropriate wall thickness or DR for Sclairpipe to resist anticipated burial conditions or when
confirming the adequacy of a selection which was made based on pressure class requirements three design criterion are
considered separately; vertical deflection, wall buckling and wall compression or crushing. The amount of deflection
which can be expected under specific burial conditions may be estimated using the form of the lowa pipe deflection
formula presented below. The estimated vertical deflection as a percentage of the mean pipe diameter is then compared
to the safe design limits presented in Table 1. In order to verify the adequacy of the pipe-soil system against wall buckling
or collapse the safe allowable buckling load (q.) is determined using the equation presented and compared to the
anticipated applied loads. Compressive stress in the pipe walls may also be estimated and compared to the safe
compressive strength of HDPE which is conservatively estimarted as 800 psi.

DEFLECTION WALL BUCKLING
Ay = (DWc+ W) Kxr® The safe allowable buckling load for the soil-pipe structure (g.)
El + 0.061E® (1.0) is estimated as follows;
@» = (DF) (32 Rw B E’ El/D.%)05 (2.0)

Where; Ay = predicted vertical pipe defiection in inches.
—3 D/ = the deflection lag factor to compensate for the

time-consolidation rate of the soi, Where: @ = safg allowable buckling load in psi.

dimensionless. DF = design factor, 0.40 .. .

Normally estimated as 1.5. Rw = water buoyancy factor, calculated as follows;
We = vertical soil load on the pipe per unit length, in Rw = 1-0.33(hwh); 0< hu< h

pounds per linear inch. Wc is estimated by Where:  hw = height of ground water surface

muitiplying the appropriate value from Table 2 by above top of pipe in inches.

the outside diameter (in inches) of the pipe. h = height of ground surface above top of
W. = live load on the pipe per unit length, in pounds pipe in inches.

per linear inch. W is estimated by muttiplying the
appropriate value from Figure 3 by the outside
diameter (in inches) of the pipe.
iz, Kx = deflection coefficient, dimensionless, Use 0.083
for most installations. o
r = mean pipe radius in inches.
r = (O.D. -tmn}/2
tin = minimum wall thickness of pipe in inches.
—=3#= E = Apparentmodulus of elasticity of the pipe material
in psi. A long-term apparent modulus of 30,000
psi may be used in most situations.
| = the moment of inertia of the pipe walll for ring
bending in inches#inch.
| = twad/12
-2z £ = modulus of soil reaction, in psi. The appropriate
value for E’ should be selection from Tabie 3.
Table 1 —
SAFE DESIGN LIMITS

Soil loading
from weight of
soil above pipe

Force mobilized
through passive
resistance of
embedment material

fAIIQv'vable'Vertical Ring
Deflection.as a % of Diameter

Dimension
Ratio

Lateral outward
movement of pipe wall

Figure 2: Mobilization of Enveloping Soil through Pipe Deformation
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Table 2
Verticat Soil Load in Ibs./in?
Depth to Top+| - Soil Density. { - Soil Density Soil Density -|. Soif Density
of Pipe in ft. 90 Ibsft® 100 lbs.it? 110 tbs it 120 lbs.ft?

H-20 Highway Loading
E-72 Railway Loading §

’ﬁ'oact

39

Table 3
Embedment Classes per ASTM D-2321

Average. Value of £

Degree of Compaction
of Embedment  Material '
(Standard . Proctor)

Class Soil Description . Soll

Dumped - Slight * Moderate
oup 869
Symbot

% W

1A Manutactured aggregate
angular open-graded and
clean. Includes crushed
stone, crushed sheils.

B Processed aggregate,
angular dense-graded and
clean.:Includes Class 1A
material mixed with sand
and gravel {6 minimize
migration.

it Coarse-grained soils,
clean. ‘Includes gravels,
gravel-sand mixtures, and
well and poorly-graded
sands. Contains little to
no fines (less than 5%
passing #200}.

It Coarse-grained soils,
borderline ctean to “with
fines™. Contains 5% to
12% fines (passing #200).

i Coarse-grained soils
containing 12% to 50%
fines.. Includes clayey
gravel, silty sands, and
clayey sands.

IVa  Fine-grained soils
(inorganic). includes
inorganic silts, rock fiour,
silty-fine sands, ctays of
low to medium plasticity,
and silty or sandy clays.

IVb  Fine-grained soils
{inorganic). Includes
diatomaceous silts, elastic
silts, fat clays.

\ Organic soils. Includes OL, OH,
organic silts or clays and PT
peal.

None 500 1000 3000

None 200 1000 2000

GW, GP, 200 1000

2000
SW, sP -

GW-GC, 200 1000 2000 3000

SP-SM

GM, GC, 100 200 1000 2000

SM, SC

ML, CL 50 200 400 1000

MH, CH No date available; consult a
competent sails engineer.

Otherwise use E' equals zero.

No date avaitable; consult 2
compelent soils engineer.
Otherwise use E’ equals zero.

Figure 3: Live loading due to vehicle traffic

B’ = empirical coefficient of elastic support,
dimensionless. Calculated as follows;
B’ = (1 + 4e0065H)-1
Where: H = burial depth to the top of the pipe in fi.
Dag = mean pipe diameter (O.D. - tmin)

For most pipe installations satisfaction of the wall
buckling requirement is assured when the following
equation is true;

'Y\\"/?\v + R\v(w(:/D;\vg) + Pv £ ga (21)

Where; vy = specified weight of water (that is, 0.0361
Ibs./in.3) in pounds per cubic inch.
internal vacuum pressure (that is,
atmospheric pressure less the absolute
pressure inside of the pipe), in pounds

per square inch.

Pe =

In some situations, consideration of live loads in addition
to dead loads may be appropriate. However, simultaneous
application of the live-load and internal vacuum transients
need not normally be considered. When live loads are
being considered, the buckling requirement is assured
when the following equation is true;

‘Y\\"/?\\" + R\V(W(:/Davg) + Wl,/Dnvg < q‘.l (22)

* E' values taken from Bureau of Reclamation table of average values and
modified slightly herein to make the values more conservative.

COMPRESSION

The compressive stress which will exist in the pipe wall
due 1o anticipated burial loads (o) can be estimated using
the following equation;

oc = (We+ W) / (2tmin) (3.00

Satisfaction of the wall compression is assured when the
following equation is true;

o < 800 psi 3.1
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CRITICAL PRESSURE FOR UNSUPPORTED PIPE:

In Jocations such as bogs, swamps or underwater, empty polyethylene pipelines can collapse if subjected to an excessive
external/internal pressure differential. Such differential pressures may be caused by drawing a vacuum or by simply
increasing the external hydraulic loading. Limiting critical pressures have been calculated from the modified lowa
Equation using a modulus (pipe stiffness) equivalent to 50 years of exposure to the critical pressure. Table 4 shows the
critical pressure at 73.4°F for various pipe DRs or wall thicknesses. These critical pressures will cause full collapse of a
pipe which has no initial deflection and is subjected to no stresses other than the net external pressure. However, damage
can result to the pipe through excessive straining before full collapse, necessitating other safety factor considerations. For
more information on the selection of pressure rating for unsupported pipe, see the section on Vacuum & External
Hydraulic Overpressure.

Table 4
CRITICAL PRESSURES FOR PIPE WITHOUT SUPPORT

Net External
Critical Pressure (Pcr)
(psi)

Dimension
Ratio

CRITICAL PRESSURE FOR SOIL-SUPPORTED PIPE:
Experimental work has shown that soil-supported pipe has a much greater capacity to withstand vacuum or net external
pressures than pipe without support. This is particularly important when evaluating the effect of negative hydraulic
transient pressures that may arise in pressure lines with sudden valve closures or pump failures. Treatment of this

problem should be referred to your nearest KWH Pipe office.

Bedding Limitations:

« Always level the trench bottom, taking care to remove all sharp rocks and/or protrusions within 6 inches of the pipe.

» Ensure that the bedding material is worked into uniform contact with the pipe at the haunches.

* When bedding soil is non-compactible by its own weight, use mechanical compactions - DO NOT
MECHANICALLY COMPACT DIRECTLY ON TOP OF THE PIPE - PLACE ONE FOOT OF BEDDING
BEFORE COMPACTING DIRECTLY OVER THE PIPE.

* Do not allow rocks or frozen clods within a one foot bedding “envelope” around the pipe.

« See the Construction brochure for further details and burial information.

SAMPLE PROBLEM: Part 2 Wall Buckling;
h., = 0.00in.
Problem R. = 1.00
A 48" DR32.5 sewer pipe is to be buried with a depth of B = (1 + 4e0085X10)1
cover of 10 feet to the top of the pipe and must withstand = 0.324
H-20 truck traffic. Davg = 48 - 1.453
If the pipe is above the groundwater table and embedded in = 46.547 in.
Type iB material (ys = 110 ‘ibs/ft.) compacted to 85% o ga= (1/2.5)(32x0.324x1,000%30,000%0.256/46.547°)°5 (2.0)
Standard Proctor Density, is the pipe selection adequate? = 11.24 psi
Now check:
Solution 0.0361x0.00 + 1.00x364.8/46.547 + 67.2/46.547 < = (2.2)
Part 1 Deflection; 9.281 psi £ 11.24 psi
Wc = 7.6x48 = 364.8 Ibs/in. .. Pipe selection is adequate for buckling criteria
WL= 14x48 = 67.2 lbsfin.
r = (48-1.453)2 = 23.274in. Part 2 Wall Compression; (3.0)
I = 1.4533/12 = 0.256in. o. = (364.8 + 67.2) / (2x1.453)
E' = 1,000 psi = 148.658 psi
0. < 800 psi (3.1)
~y= (1.5 x364.8 + 67.2) 0.083 x 23.274° (1.0 .. Pipe selection is adequate for wall crushing criteria

30,000 x 0.256 + 0.061 x 1,000 x 23.274° )

Since the selected pipe meets the requirements of all three
= 0.828in. ot the design criteria the pipe selection is structurally
= 1.78 % of the mean pipe diameter adequate.

.. Pipe selection is adequate for deflection criteria
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Photo 1 - Equipment Used for Hydraulic Jetting of the Leachate Collection Pipe

aw’

Clinton Landfill No. 3 Chemical Waste Unit
October 2007

T:\Projects\20071128017 - Clinton TCSA\DesigmLeachatelleachate_cleanout. wpd
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Photo 3 - Top View of 3" Diameter Cleaning Plug

Photo 4 - Boitorﬁ View of 3" Diameter Cleaning Plug showing Hydraulic Jets

Clinton Landfill No. 3 Chemical Waste Unit
October 2007
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TYPICAL LEACHATE PUMPS



T | |
Grundfos brings environmental pumping systems
into the 21st century with the new Redi-Flo3

subrnersible pump.

. Advanced Electronics
By combining advanced electronics, permanent-
magnet motors, and Grundfos” own micro-frequency
converter, we are now able 1o control and
communicate with pumps in ways never before
possible. A few of the features that come out-of this
combination are Fluid Level Control, Soft-Start and

. integrated Dry-Run Protection. '

,s—m%wﬁaanet Mm@"

: The RediFlo3 features a newly deve:oped permaneni
magnet motor, controlled by advanced electronics,
featuring Grundfes’ micro-frequency converter.

As a result of the high and flat performance curve of the
motor, a wider performance ratio can be covered by fewer
models as compared fo pumps with convenhonalmas

' Therrm«hasasoﬁstartsystemwtuchalbwsmeptmp
1o start with gradually increasing speed and wilhlhe
highest possible starting forque.

The starting torque is 1.5 times greater than a
conventional 3-wire molor. .

F\flscr@ Frequency Converter

" The Grundfos’ designed microdrequency convener
controls the permanent-magnet motor.

Motor Efficiency Curve

. Permanent-magnet motors
produce a high efficiency
over @ wide load range as
compared to conventional

single-phase motors.

! GRUNDFOS &

Leaders in Pump Technology



Technical Dat:

v / | : ‘ Sttus,BoxiR‘iGG infrared Remte

The optional Redi-Flo3 status box and R100 at
the surface allows you to communicate with the
pumps integrated electronics through the
standard power leads. No additional wires are
required! This feature provides the direct use of
multiple sensors, digital input and relays without
adding any extra-electronics and cost. Pump
status readout and parameter changes can
easily be performed at the surface with the R100
or the Redi-Flo3 PC Tool.

Rugged Design
Redi-Flo3 pump design uses "floating” impellers
Each impelier has its own tungsten carbide/
ceramic bearing. This design and the
environmentally tough 316 stainless steel and
PVDF construction provide excelient wear
resistance and solids handling capability.

Reliable built-in spring foaded-check valves’
let you operate the pump in any position
from vertical to horizontal.

Hood I Foit

g 8 ¢ 8 §. 8 ¥

GRUNDFC Avalaefom:
Leaders in Pump Te echnology

E Grundfos Pumps Corporation % ' c —
3131 N. Business. Park Avenue; Freano, CA $3727 : !
(559) 202-8000 FAX (559) 294-1357 awsTED "

Grundios Canada, Inc. Bombas Grundios de Mexico, S.A. de C.V. Pertormance curves and technical information kisted as a range

v 2941 Brighton RO. Elao-mdncns,mmmusvmsmnyowom only and subject 1o change without nolice. ConsuRt Grundios
Oakvile, Ontario LEH 6C9, Csnada G.P. 66600 Apodaca, N.t_. Mexico product data for exact pump specifications.

(905) 829-9533 FAX 829-9512 52-8-144-4000 FAX
(905) 52-8-144-4010 LRFSL005 200
Vis#t our website at www.us.grondios.com PRINTED IN U.S.A.
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| Data

Red

i-Flo3

Model #

HP

‘ Size

Disch.
Size

Dimensions in Inches

Approx.
Ship Wt.

B

C

D

22Redi-Flo3-40

13A

3“

1 1/2" NPT

19.8

10.6

2.6

2.9

12

22Redi-Flo3-80

12A

3.1

1 1/2" NPT

19.8

10.6

2.6

2.9

_12

22Redi-Flo3-110

12B

3-

112" NPT

19.8

1.6

26 |

2.9 |

13

__22Redi-Flo3-140

3/4B

3'

1 1/2" NPT

19.8

13.7

26

2.9

13

22Redi-Fio3-180

1C

3"

11/2” NPT

213

16.9

26 -

29

16

22Redi-Fio3-210

1

3-

11/2" NPT |

21.3

16.9

26

16

Note: Weights include pump ends with motors

HEAD (FEET)

S Yoo

wred e b | redeons.

8

g

1.
/
l

100 ot

8 12

16

20

CAPACITY (GPM)

24

4

28

n

1 1/2" NPT —f%;

&—-—D-——Sv




“Redi

-Flo3 Techni

..

ATERIAL SPECIFICATION — REDI-FLO3 PUMP END

Pos. -

Component

Material

DINW. | AlS]
Nr.

Valve Casing

PVDF

Discharge Chamber

Stainless Steel

1.4401 | 316

O-Ring

FPM Rubber

Vaive Cone

PVDF

Valve Seat

FPM Rubber

PVDF

PVOF_

| staintess Steet

1.4401 | 316

Guide Vanes

PVDF

S| |DiN|o|f|s|e|v|a|m |

PVDF

13

PVDF

PVDF

14a_

Ring

1.4401 | 316

16

- Shaft w/
‘coupling

1.4401 | 316

18

Cabie Guard

1.4401 | 316

18a

Cable Guard Screws

Stainless Steel

1.4401 | 316

30

Pressure Equalization Cone

PVDF

39

Valve Spring

Stainless Steel

1.4406 {316LN

Pump Sleeve

1.4401 | 316

70

Vaive Guide

PVDF

Spacer

1.4401 | 316

Stainless Steel

15
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“\ —AIAL SPECIFICATION — REDI-FLO3 PUMP MOTOR

ons -

Pos.

Component

Material -

DIN W.
Nr.

AIS!

Stator

Stainless Steel

1.4401

316

Rotor

" Stainless Steel

1.4401

316

Stop Ring

PP

Filter

Polyester

Thrust Bearing

Radial ‘Bearing

- Ceramic/

'Mbtér Cable ”

wleg

Filling Plug

O-Ring

r

Shaft Seal

Motor Liquid




1 supply voné‘ge:

ELECTR!C

" RedimFESEE Data

00240V +6%F-1 o% 50/60 Hz, PE

1x100-115V
Operation via Generator: As a minimum, the generator output
. umstbeequahothemotorP1[KVV]+10%
Starting Current: The motor starting current is equal to the

highest value stated on the motor nameplate

,_Startm T

Soft-start

Maximum: 2 seconds

. Motor Protechon

The motor is protected against:

Dry running, overvoliage, undervoitage,
overload, overtemperature

{ Power Factor: PF=1

| Service Factor: 0.33-0.50A[Hp}-1.75 at 115VI230V

.50—0 75I{Hp]-1 4 at 230\’

.The temperature of the pumped lsqmd should
_not exceed 104°F.

scosity higher than that of water are to be pumped,

0.33—0.50A{Hp} 20.9” length x 2.68" diameter
0.50-0.75B[Hp] - 20.9" length x 2.68" diameter
1.0-1.5C{Hp] N ' 22.3" length x 2.68" diameter
Pump Diameter, incl..cable guard: 291" v
| motor Weights {(MSE - NE 3):
0.33-0.50A[Hp] ' 6.0 Ibs
0.50-0.75B[Hp] 7.1 Ibs
1.0-1.5C[Hp]- g21ib
Pump End Dimensions: . -
Pump Diameter: - 268"
_Pump Diameter, incl. cable guard: ) 291"
1 Pump End Dimensions (mtn ‘and: ‘max.):
' 5 Redi-Flo3 10.6" to 18.0
10 Redi-Flo3 10.6" to 16.9"
15 Redi-Flo3 10.6" to 16.9"
22 Redi-Flo3 10.6" to 16.9"
30 Redi-i- Redi-Flo3 10.6" to 13.7"
'ump End Weights (mln. and max.) :
Al 2.2 Ibs to 3.5 Ibs
Well Diameter (minimum): 3 -

‘Installation Depth (maximum):

500_ feet, below static water level

17
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HELP MODEL
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HYDROLOGICAL EVALUATION OF 'LANDFILL PERFORMANCE MODELING



Page: 1 of 8
Client: Clinton Landfill, Inc.
Project: Clinton Landfill No. 3 Chemical Waste Unit
Proj. #: 128017

W ° Shaw Ervironmental Inc,  Caleulated By: PCT Date: 10/4/07

Checked By: JPV Date: 10/8/07

TITLE: ESTIMATION OF LEACHATE HEAD ACCUMULATION

Problem Statement:

Estimate the leachate head accumulation on the bottom liner for the proposed landfill design using
Hydrogeologic Evaluation of Landfill Performance (HELP) modeling based on the following landfill

scenarios:

1. Daily Cover Operations (1 Year-Simulation)

2. Intermediate Cover (10 Year-Simulation)

3. Post Closure, Final Cover (30 Year-Simulation) with Leachate Collection and Removal

4. Post Closure, Final Cover (100 Year-Simulation) with No Leachate Collection and
Removal

Given:

1. Landfili layers as shown in Exhibit 1.

2. HELP Model Version 3.07.

3. Soil Types Presented in Exhibit 2.

Assumptions:

1. Temperature and precipitation data synthetically generated by HELP using the monthly
average values obtained from a nearby National Weather Station (Lincoln, lllinois) as
reported by the National Oceanographic and Atmospheric Administration (NOAA).
(Please refer to Exhibit 3).

2. Solar Radiation Data synthetically generated by HELP using the data fbr Chicégo,
llinois and adjusted for the site latitude (please refer to Exhibit 3).

3. Length of growing season data was obtained from a nearby National Weather Station
(Lincoln, HNinois) as reported by NOAA (please refer to Exhibit 3).

4. Wind speed data was obtained from a nearby National Weather Station (Lincoln,
llinois) as reported by NOAA (please refer to Exhibit 3).

5. Relative humidity was obtained from from a nearby National Weather Station (Lincoln,

lllinois) as reported by NOAA (please refer to Exhibit 3).

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\HEL P\helpsummary.wpd
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TITLE: ESTIMATION OF LEACHATE HEAD ACCUMULATION

10.

11.

12.

13.

14.

15.

The ‘HELP’ modeling results are independent of the landfill area. One (1) acre area
was considered for the analysis.

The HELP Model default Texture No. 35 was used to represent the High Density

Polyethylene (HDPE) liners in the bottom liner system and the for the liner used in the
final cover system (please refer to Exhibit 2).

HDPE Geomembrane characteristics: Bottom and Final Cover Liners
Pinhole density = 1 hole per acre;
Installation defects = 10 holes per acre;
Placement Quality = 4 (Poor).

Note: A Construction Quality Assurance (CQA) program has been developed for the
facility which addresses proper installation of the geomembrane liner and cover. The
assumed placement quality for the final cover geomembrane is unlikely with the proper
implementation of the facility’s CQA plan, and represents a conservative condition.

The hydraulic conductivity (k) of the Final Cover Soil Barrier layer was conservatively
assumed to be 1 x 10° cm/sec in order to account for possible dessication cracks and
settlement that may occur over the long term period. Note however, the Design Report
(Section 3) and the Construction Quality Assurance Plan (Section 5) require that the
Final Cover Soil Barrier layer be constructed to have a maximum hydraulic conductivity
of 1 x 107 cm/sec.

Compacted Earth Liner layer assumed to be saturated.

The HELP Model default Texture No. 18 was used to represent the Municipal Solid
Waste, and default Texture No. 9 was used to represent the Chemical Waste (please
refer to Exhibit 2).

The HELP Model defines field capacity as the soil water storage/volumetric content
after a prolonged period of gravity drainage from saturation corresponding to the soil
water storage when a soil exerts a soil suction of 1/3 bar.

The initial water content of the chemical waste for Scenario 1 - Daily Cover, was
assumed equal to 71%, and was based on an average of laboratory moisture content
test values (please refer to Appendix ).

Groundwater seepage was assumed through the bottom compacted earth liner (Layer
9 in the Operational Period Scenarios - 1 and 2, and Layer 16 in the Post Closure
Period - Scenarios 3 and 4). The groundwater seepage rate was calculated to be

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\HELP\helpsummary.wpd
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TITLE: ESTIMATION OF LEACHATE HEAD ACCUMULATION

16.

0.2476 inches/year (please refer to Exhibit 4).

The HELP Model gives results in inches/time period but all results were converted to
gal/acre/day using conversion factors listed below:

# inches y 1 foot < 43,560 ft? « 7.48 gallons < time period
time period ~ 12 inches acre 1t° # days

HELP Model Scenarios:

Scenario 1 - Daily Cover Operations

The daily cover operations were modeled as a 10- foot thick layer of waste covered by 6 inches of daily
cover material, as shown in Exhibit 1. This scenario was modeled for one year which is overly
conservative, because an intermediate cover must be placed down on all surfaces of the landfill where
no additional waste will be deposited within 60 days. Other assumptions used in running the ‘HELP’
model are listed below.

1. Bare ground condition was used for the operation runs with daily cover. The
corresponding Maximum Leaf Index is 0.0 (refer to Exhibit 3).

2. The ‘HELP’ default (Chicago, llinois) Evaporative Zone Depth is 6 inches
corresponding to bare ground condition.

3. No runoff was allowed during the operational period with daily cover. The SCS curve
number input for the operational simulations with daily cover was interpolated to be
93.1 as shown in Exhibit 4.

4. The initial water content of the leachate collection system and daily cover material were
set at the field capacity of the respective materials.

Scenario 1 - Daily Cover Results ' .

Exhibit 6 includes the Scenario 1 Daily Cover ‘HELP’ simulations, the table below summarizes the

results.

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\HELP\helpsummary.wpd



Page: 4 of 8
Client:  Clinton Landfill, Inc.

. Project: Clinton Landfill No. 3 Chemical Waste Unit

4 5 : Proj. #: 128017
5 aW °® Shaw Ervironmental, Inc, Calculated By: PCT Date: 10/4/07
’ Checked By: JPV Date: 10/8/07

TITLE: ESTIMATION OF LEACHATE HEAD ACCUMULATION

2 Chemical Waste 71.00 72.93
3 Leachate Drainage Layer 450 6.73
9 Compacted Earth Liner 42.70 4270

1,385.59 675.66 474.60 3.319

Scenario 2 - Intermediate Cover

Exhibit 1 shows the cross section of the landfill during the intermediate coverperiod. The maximum
thickness of the chemical waste was estimated to be 140 feet with an overlying 12-inch layer of
intermediate cover. The initial waste water content was set at 72.93% which was the final waste water
content at the end of the daily cover scenario. This value is conservative because the daily cover
scenario was run for 1 year instead of 60 days. By running the HELP Model for a full year more water
is allowed to enter the waste. The intermediate cover simulation was run for a period of 10 years.
Other assumptions used in running the ‘HELP’ Model are listed below.

1. Poor vegetation conditions were assumed for the intermediate cover simulation. The
Maximum Leaf Area Index corresponding to poor vegetation condition is 1.0 (please
refer to Exhibit 3). -

2. The ‘HELP’ default (Chicago, lllinois) Evaporative Zone Depth is 14 inches
corresponding to poor vegetation condition.

3. 75% of the runoff was allowed during the intermediate period. This is a conservative
approach. A more likely scenario would be to use 100% for intermediate cover
scenario. The SCS number input for the operational simulation with intermediate cover
was interpolated to be 89.1 as shown in Exhibit 5.

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\HELP\helpsummary.wpd
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4. The initial water contents for the chemical waste, leachate drainage layer, and
compacted earth liner were set equal to the final water contents (Water Content = %)
of the respective layers from the daily cover scenario.

Scenario 2 - Intermediate Cover Restults

Exhibit 7 includes the Scenario 2 Intermediate Cover ‘HELP’ simulations, the tables below summarizes
- the results. '

2 Chemical Waste _ 72.93 70.83
3 Leachate Drainage Layer 6.73 6.42
9 Compacted Earth Liner 42.70 42.70

1,670.96 605.50 577.66 3.929

Scenario 3 - Post Closure Period: Yrs. 1- 30 (with Leachate Collection & Removal)

This simulation was run for post closure period years 1 through 30 with leachate collection and
removal. Leachate collection and removal for years 1-30 was simulated by modeling the sand layer
underneath the waste as a lateral drainage layer. Other assumptions used in running the ‘HELP’
model are listed below.

1. Good vegetation condition was assumed for the post closure period. The Maximum
Leaf Area Index corresponding to good vegetation condition is 4.0 (refer to Exhibit 3).

2. The HELP default (Chicago, lllinois) Evaporative Zone Depth is 20 inches
corresponding to good vegetation condition. '

T:\Projects\2007\128017 - Clinton TCSA\Desigm\lLeachate\HELP\helpsummary.wpd
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The initial water contents for the chemical waste, leachate drainage layer, and
compacted earth liner were set equal to the final water contents (Water Content = %)
of the respective layers from the intermediate cover scenario. The initial water content
for the MSW was set equal to the field capacity value of 29.20%.

The Final Cover Soil Barrier layer was modeled with a hydraulic conductivity (k) of 1 x
10 cm/sec in order to be conservative and to account for possible dessication cracks
and settlement that may occur over the long term period. Note however, the Design
and the Construction Quality Assurance Plan require that the Final Cover Soil Barrier
layer be constructed to have a hydraulic conductivity of 1 x 107 cm/sec.

The final land form simulation utilized a maximum thickness of 140 feet for the chemical
waste, with an overlying 12-inch separation layer, and an 11.1-foot layer of municipal
solid waste above (please refer to Exhibit 1). These thicknesses correspond to the
location within the Chemical Waste Unit at which the chemical waste is at a peak or
maximum thickness (140 feet).

100% of the runoff wasallowed during the post closure operations.
The SCS number was computed by ‘HELP’ based on surface slope, slope length, soil

texture, and quantity of vegetative cover (assumed good stand of grass and 3|mulat|on
value of 4 for vegetative cover).

Scenario 3 - Post Closure Period: Yrs. 1- 30 Results

Exhibit 8 includes the post closure period ‘HELP’ simulations. The table below summarizes the

results.

7 MSW 29.20 | 29.20
9 Chemical Waste 70.83 61.26
10 Leachate Drainage Layer 6.42 5.88
16 Compacted Earth Liner 42.70 42.70

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\HEL P\helpsummary.wpd
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1,421.70

The leachate collection system has been designed to maintain a maximum leachate head of less than
12 inches under final cover conditions.

Scenario 4 - Post Closure Period: Yrs. 31-131 (with No Leachate Collection & Removal)

This simulation was run for post closure period years 31 through 131 with no leachate collection and
removal. No leachate collection and removal was simulated for years 31-131 by modeling the sand
layer underneath the waste as a vertical percolation layer. Other assumptions used in running the
‘HELP’ model are listed below.

1.

4.

Good vegetation condition was assumed for the post closure period. The Maximum:
Leaf Area Index corresponding to good vegetation condition is 4.0 (refer to Exhibit 3).

The HELP default (Chicago, lllinois) Evaporative Zone Depth is 20 inches
corresponding to good vegetation condition.

The initial water contents for the waste and soil layers, as presented in the table below,
were set equal to the final water contents (Water Content = %) of the respective layers
from the post closure period, years 1-30 scenario.

The Final Cover Soil Barrier layer was modeled with a hydraulic conductivity (k) of 1 x
10 cm/sec in order to be conservative and to account for possible dessication cracks
and settlement that may occur over the long term period. Note however, the Design
and the Construction Quality Assurance Plan require that the Final Cover Soil Barrier.
layer be constructed to have a hydraulic conductivity of 1 x 107 cm/sec.

The final land form simulation utilized a maximum thickness of 140 feet for the chemical
waste, with an overlying 12-inch intermediate cover layer, and an 11.1-foot layer of
municipal solid waste above (please refer to Exhibit 1). These thicknesses correspond
to the location within the Chemical Waste Unit at which the chemical waste is at a peak
or maximum thickness (140 feet).

100% of the runoff was allowed during the post closure operations.

T:\Projects\2007\128017 - Clinton TCSA\Design\l.eachate\HEL P\helpsummary.wpd
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5. . The SCS number was computed by ‘HELP’ based on surface slope, slope length, soil
texture, and quantity of vegetative cover (assumed good stand of grass and simulation

value of 4 for vegetative cover).

Scenario 4 - Post Closure Period Yrs. 31-131 (Steady State Conditions with No Leachate

Collection & Removal) Resuilts

Exhibit 9 includes the post closure period ‘HELP’ simulations. The table below summarizes the

results.

15.20 4212

1 Vegetative Layer

2 Protective Layer 23.83 29.25
5 Compacted Cohesive Soil Liner 42.70 . 4270
6 Foundation Layer 31.00 31.00
7 MSwW 29.20 29.20
8 Separation Layer 31.00 31.00
9 Chemical Waste 61.26 61.26
10 Leachate Drainage Layer 5.88 5.60
16 Compacted Earth Liner 42.70 42.70

The leachate collection system has been designed to maintain a maximum leachate head of less than
12 inches under final cover conditions. In addition, 130 year after closure, the primary geomembrane

will have less than 1 inch of leachate head.
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. ExHBITZ
SOIL TYPES - ‘HELP’ MODELING



Page: 1 of 2
Client: Clinton Landfill, Inc.
o . Project:  Clinton Landfill No. 3 Chemical Waste Unit
0 : Proj.# 128017

| i . Calculated By: PCT Date: 10/5/07
1aW ° Shaw Environ Inc.
a Sha ronmental, Inc Checked By: JPV Date: 10/9/07

TITLE: LAYER TYPES AND DEFAULT TEXTURES FOR HELP MODELING

Purpose:
Select the appropriate HELP odel default textures / soil properties for model input.
Operational Period Layers:

1. The previous Exhibit (Exhibit 1) in this Appendix shows the landfill layers for the
operational simulation.

2. This Exhibit shows the HELP default classification characteristics. The following
table summarizes the appropriate HELP default textures for the various layers, the
layer types, and their respective thicknesses:

1 1 6or12 Daily Cover or Intermediate Cover CL 11
2 1 120 or 1,680 Chemical Waste ML 9
Leachate Drainage Layer
3 2 12 (k > 3.0 x 102 cm/sec) SP 1
60-mil HDPE Geomembrane High Density Polyethylene
4 4 0.06 (k > 2.0 x 10" cm/sec) (HDPE) 35
Geosynthetic Clay Liner (GCL)
5 1 0.2362 (k > 3.0 x 10° cm/sec) Bentonite Mat (0.6 cm) 17
60-mil HDPE Geomembrane High Density Polyethylene |-
6 4 0.06 (k > 2.0 x 107 cm/sec) (HDPE) 35
7 2 0.200 Geocomposite Drainage Layer Drainage Net (0.5 cm) 20
: 60-mil HDPE Geomembrane High Density Polyethylene
8 4 0.06 (k > 2.0 x 10" cm/sec) (HDPE) 35
Compacted Earth (Cohesive Soil)
Liner :
9 3 36 {k <1 x107 cm/sec) Barrier Soil 16

Post Closure Period Layers:

1. The previous Exhibit (Exhibit 1) in this Appendix shows the landfill layers for the
post closure simulation.

2. This Exhibit shows the HELP default classification characteristics. The following

TAProjects\2007\128017 - Clinton TCSA\Design\Leachate\HELP\soilcharacter.wpd




Page: 2 of 2
Client:  Clinton Landfill, Inc.
Project:  Clinton Landfill No. 3 Chemical Waste Unit
Proj. #: 128017

ol . Calculated By: . PCT Date: 10/5/07
haw° Shaw Environmental, Inc.
S B Sha ental, inc Checked By: JPV Date: 10/9/07

TITLE: LAYER TYPES AND DEFAULT TEXTURES FOR HELP MODELING

table summarizes the appropriate HELP default textures for the various layers, the
layer types, and their respective thicknesses:

1 1 12 Vegetative Layer ML 8
2 1 24 Protective Layer ML 9
3 2 0.200 Geocomposite Drainage Layer Drainage Net (0.5 cm) 20
' ' 40-mil HDPE Geomembrane High Density
4 4 0.04 (k > 2.0 x 10 cm/sec) Polyethylene (HDPE) 35
Compacted Cohesive Soil Liner
5 3 12 (see note below) Barrier Soil 16
6 1 12 Foundation Layer CL 11
7 1 133.2 Municipal Solid Waste Municipal Waste 18
8 1 Separation Layer CL 11
9 1 Chemical Waste ML 9

Leachate Drainage Layer

10 1or2 12 (k > 3.0 x 102 cm/sec) SP 1
60-mil HDPE Geomembrane High Density

11 4 0.06 (k > 2.0 x 10 cm/sec) Polyethylene (HDPE) 35

Geosynthetic Clay Liner (GCL)

12 1 0.2362 (k > 3.0 x 10° cm/sec) Bentonite Mat (0.6 cm) 17
60-mil HDPE Geomembrane High Density

13 4 0.06 (k > 2.0 x 107 cm/sec) Polyethylene (HDPE) 35

14 tor2 - 0.200 Geocomposite Drainage Layer Drainage Net (0.5 cm) 20
60-mil HDPE Geomembrane High Density

15 4 0.06 (k > 2.0 x 10" cm/sec) Polyethylene (HDPE) 35

Compacted Earth (Cohesive Soil) Liner
16 3 36 (k <1 x 107 cmisec) Barrier Soil 16

Note: The Final Cover Soil Barrier layer was modeled with a hydraulic conductivity (k) of 1 x 10° cm/sec in order to be conservative
and to account for possible dessication cracks and settlement that may occur over the long term period. Note however, the
Design Report (Section 3) and the Construction Quality Assurance Plan (Section 5) require that the Final Cover Soif Barrier
layer be constructed to have a hydraulic conductivity of 1 x 107 cm/sec.
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TABLE 4. DEFAULT SOLL, WASTE, AND GEOSYNTHETIC CHARACTERISTICS

Saturated
Classification “Total Field " Wilting Hydraulic
Porosity Capacity _Point Conductivity
HELP USDA - USCS volfvol volfvol volfvol cm/fsec
1 CoS SP 0417 0045 0018’ 1.0x107
2 s SW 0437 0.062 0024 T 5.8x10°
3 FS SW 0457 0083 0033 3.1x10°
4 Ls M 0437 0.105 0.047 1.7x10°
5 LFS sM 0457 0.131 0.058 1.0x10°
6 SL SM 0453 0.190 0.085 T 72x10°
7 FSL M 0473 022 o164 | 52x10°
8 L ML 0.463 0232 o116 | = 3.7xi0*
9 SiL. ML 0501 | 0284 0135 | 19x10°
10 SCL sC 0398 | 0244 0.136 - 1.2x10*
11 CL cL 0464 0310 0187 |  64x10°
12 SicL cL 0471 | 0342 | 0210 | 42x10°
3 sC SC 0430 | 0321 0221 | 33x10°
14 SiC CH 0479 0371 | 0251 | 25x10°
15 C “¢H 0475 _ 0378 0265 | 1axio°
16 | Bamicr Soil 0427 0418 | 0367 | 10xi07
17 Bentonite Mat (0.6 cm) | 0.750 0747 | 0400 |  30x10°
18 " Municipal Waste _ I | o
(900 Iblyd® or 312 kg/m’) 0.671 0292 0077 | 1oxi0?
19 |~ Monicipal Waste 1
4 (channeling:and dead zones) 0.168 0073 - 0019 1.0x10°
20 Drainage Net (05 cm) 0850 | 0010 | 0005
21 "~ Gravel 4 0397 0032 0013
2 | v ML 0419 | 0307 0.180
B |7 S ML 0461 | 0360 | 0203
24 “ScL sC 0365 | 0305 0203
I I T N L I
2% SiCL” CL 0485 | 0393 0277
21 | sC SC 0.400 0366 0288
28 SiC CH 0452 0411 0311
29 —C CH 0451 0419 0332 .
30 .Coal-Buriiing Electric, Plant R '
Fly Ash’ 0541 0.187 0.047
31 | CoalBuming Electric Plant | ~
Bottom Ash” 0578 0076 0.025
E7) Municipal Incinerator
_ 1 _ Fly Ash’ 0.450 - 0116 0.049
33 “Fine Copper Slag’ 0375 0055 01020
34 Drainage Net (0.6 cm) 0.850 0010 0.005

* Moderately Compacted (Continued)
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TABLE 4 (continued). DEFAULT SOIL WASTE, AND GEOSYNTHETIC

CHARACTERISTICS
Saturated
Classification — Total Field Wilting Hydraulic
Porosity Capacity Point ~ Conductivity
HELP Geomembrane Material volivol |  volivol vol/vol cmisec ﬂ
35 " High Density Polyethylene '
(HDPE) ' 2.0x10
36 Low Density Polyethylene
(LDPE) 4.0x10
37 Polyvinyl Chloride (PVC) | 20x10"
38 Buty! Rubber - 1oxi0” |
39 ‘Chlorinated Polyethylene ' ' :
i (CPE) ‘ 4.0x10
40 | Hypalon or Chlorosulfonated ' '
Polyethylene (CSPE) , 3.0x10%2 -
41 Ethylene-Propylene Diene :
Monomer (EPDM) _ 2.0x10°2
42 Neoprene v 3.0x10°% E
(concluded)

user-defined soil option accepts non-default soil characteristics for layers assigned soil
type numbers greater than 42. This is especially convenient for specifying characteristics
of waste layers. User-specified soil characteristics can be assngned any soil type number
greater than 42.

When a default soil type is used to describe the top soil layer, the program adjusts
the saturated hydraulic conductivities of the soils in the top half of the evaporative zone
for the effects of root channels. The saturated hydraulic conductivity value is multiphed
by an empirical factor that is computed as a function of the user-specified maximum leaf
area index. Example values of this factor are 1.0 for a maximum LAI of 0 (bare
ground), 1.8 for a maximum LAI of 1 (poor stand of grass), 3.0 for a maximum LAI of
2 (fair stand of grass), 4.2 for a maximum LAI of 3.3 (good stand of grass) and 5.0 for
a maximum LAI of 5 (excellent stand of grass). -

The manual option requires values for porosity, field capacity, wilting point, and
saturated hydraulic conductivity. These and related soil properties are defined below.

Soil Water Storage (Volumetric Content): the ratio of the volume of water in a soil
to the total volume occupied by the soil, water and voids.

Total Porosity: the soil water storage/volumetric content at saturation (fraction of
total volume).
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Page: 1 of 2

Client: Clinton Landfill, Inc.

Project: Clinton LF No. 3 Chemical Waste Unit
Proj. # 128017 | '
Calculated By: JPV Date: 10/4/07
Checked By: PCT Date: 10/4/07

Shaw* shaw Environmental, Inc.

TITLE: WEATHER INPUT PARAMETERS FOR HELP MODELING

Purpose:

Select appropriate weather input parameters for use in HELP modeling.

Solution:

1. Temperature and precipitation data were based on mean monthly precipitation and
temperature data from a nearby National Weather Service station (Lincoln, lllinois) as
reported by the National Oceanographic and Atmospheric Administration (NOAA).

2. Normal Mean Monthly Temperature and Precipitation Values for the period of 1950 -
2000.

Normal Mean Normal Mean

Month Temperature (°F) Precipitation (inches)
January 24.80 1.86
February _ 30.00 1.65
March 39.90 2.93
April 52.50 3.99
May 63.50 | 4.09
June 72.50 4.24
July 75.80 4.14
August 73.60 3.7
September ~ 86.70 3.04
October 55.10 2.74
November 41.60. 2.96
December 30.00 2.40

3. Normal Average Annual Wind Speed = 10.30 mph.

4. Normal Average Monthly and Quarterly Relative Humidity Values.
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Page: 2 of 2

Client: Clinton Landfill, Inc.

Project: Clinton LF No. 3 Chemical Waste Unit
Proj. #: 128017

Calculated By: JPV Date: 10/4/07
Checked By: PCT Date: 10/4/07

Saw Shaw Environmental, Inc.

TITLE: WEATHER INPUT PARAMETERS FOR HELP MODELING

Normal Average Quarterly
Quarter Relative Humidity %
1st : 7
2nd 65
3rd - 70
4th 72
5. The Grdwing Season Start and End Dates and is represented by the Julian Dates

(day of the year): :

Growing Season Start Date = 117
Growing Season End Date = 290

6. The Site Latitude was taken from USGS topographic map and is approximately
40.10°.

7. Maximum Leaf Area index is 0.0 for bare ground condition; 1.0 for poor vegetation
condition; and 4.0 for good vegetation condition (refer to HELP documentation
included in this Exhibit).
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Page 1 of 1

t

I* Shaw B'm'oramntas Inc.

Client: Clinton Landfill, Inc.

Project: Clinton LF. No. 3 Chemical Waste Unit

Calculated By: PCT Date: 10/02/07
Title: GROUNDWATER SEEPAGE Checked By:  JPV Date: 10/08/07

Problem Statement:

Calculate inward leakage through the composite liner (CSL) design based on Giroud et al. (1989).

1) inward gradient with 27 feet of head on the liner during operational and post-closure periods (assumed
maximum potentiometric elevation of 691.4 ft MSL (measured in Well EX-4 in Nov. 2004) and top of leachate
drainage layer at lowest elevation equal to 664 ft. MSL (assumes drainage layer completely saturated,
see Drawing D6):
- . 69141t -6641. =274 1
2) - Poor contact between the geomembrane and the compacted earth liner is considered.
3) The rate of leakage was calculated using the equation: where Q = (0.0008) * (X °°"®); source for the equation
is Giroud and Bonaparte (1989): Leakage Through Liner Constructed With Geomembrane-Part Il (VI, pp. 71-111).

Solution:

The rate of leakage through geomembrane defect (Q) expressed in m*/s/ acre =
Q = (0.0008) « (X**'"®) (Source: IEPA based on Giroud and Bonaparte (1989))

Where,
X = Leachate depth on top of top of the geomembrane {(m)
Q = Flow rate or leakage rate (m/yr) = (0.0008) « (X*'7)
Calculation:

X = Leachate depth on top of top of the geomembrane = 27.4 ft. =8.3515m

Q = Rate of leakage = (0.0008) » (X*°""®) = 6.29E-3 m/yr
0.0206 ftfyr
0.2476 infyr

I

T:\Projects\2007\128017 - Clinton TCSA\Design\Leachate\seepage



EXHIBIT 5
SCS CURVE NUMBER



Page: 1 of 1
Client: Clinton Landfill, Inc.
Project: Clinton Landfill No. 3 Chemical Waste Unit

Shaw® shaw Envionmental, Inc, Proi. # 128017

Calculated By: PCT Date: 10/4/07
Checked By: JPV Date: 10/8/07

TITLE: -SCS CURVE NUMBER FOR HELP MODELING - OPERATIONAL. PERIODS

Purpose

The uppermost layers for the operational ‘HELP’ simulations are daily cover and lntermedlate cover.
Estimate the runoff curve number for HELP model input. :

Solution

1.

" Results

1.

The HELP default Texture No. 11 is assumed to represent the daily cover soil material
and bare ground conditions were considered for the daily cover simulations. Using the
chart presented on page 36 of the HELP v.3 User’s Guide (see attached), an SCS
Runoff Curve Number of 93.1 was interpolated for Texture No. 11 soils and bare
ground conditions.

The HELP default Texture No. 11 is assumed to represent the intermediate cover soil
material and poor vegetative conditions were considered for the intermediate cover
simulations. Using the same chart as above (see attached), an SCS Runoff Curve
Number of 89.1 was interpolated for Texture No. 11 soils and poor vegetative
conditions.

For the daily cover with bare ground conditions, SCS Runoff Curve Number
Interpolated = 93.1.

For the intermediate cover with poor vegetative conditions, SCS Runoff Curve Number
Interpolated = 89.1.
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2. A curve number defined by the user and modified according to the surface slope
and slope length of the landfill '

3. A curve number is computed by the HELP model based on landfill surface slope,
stope length, soil texture of the top layer, and the vegetative cover. Some general
-guidance for selection of runoff curve numbers is provided in Figure 2 (USDA,
Soil Conservation Service, 1985).

Twe:of the options account for surface slope. The correlation between surface slope
conditions and curve number were developed for slopes ranging from 1 percent to as
high as SO percent and for slope lengths ranging from 50 feet to 2000 fect.

sic processes modeled by the program can be divided into two
sses and subsurface processes. ‘The surface processes modeled
n of rainfall by vegetation, surface runoff, and surface
ace processes modeled are evaporation from seil profile, pk

' vertical drainage, barrier soil liner pe \ne

60 }

CURVE NUMBER

. v e e

a0 [

20 V

o I EY X 1

1 3 5 7 9 11 13 15
coS Fs LFS FSL siL cL sc c

SO TEXTURE NUMBER

Figure 2. Relation between SCS Curve Number and Default Soil Texture
Number for Various Levels of Vegetation
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

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

:\HELP\PRECIP.D4
:\HELP\TEMP.D7
:\HELP\SOLAR.D13
:\HELP\EVAP DC.D11
:\HELP\SOIL DC.D10
: \HELP\CLIN DC.OUT

NN aQ

TIME: 12:23 DATE: 10/ 8/2007

khhhkhhhkhhhhhhhhkhhhhhkhhkhhhkhhhkhkhkkhhkhkhhhhkhkhhhkhdhhhhhkhkhhhkdhdhhhkhhkhkhhkhkdkdddhkddhhitdhik

TITLE:

CLINTON LF. NO.3 CHEMICAL WASTE UNIT (DAILY COVER 1 YR.)

**********************'k'k******************************************************

NOTE :

INITIAL: MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
"WERE SPECIFIED BY THE USER.
LAYER 1
TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 11

THICKNESS = 6.00 INCHES
POROSITY = 0.4640 VOL/VOL
FIELD CAPACITY = 0.3100 VOL/VOL
WILTING POINT = 0.1870 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.639999998000E-04 CM/SEC

LAYER 2



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 120.00  INCHES
POROSITY = 0.8500 VOL/VOL

FIELD CAPACITY 0.8000 VOL/VOL
WILTING POINT 0.1350 VOL/VOL
INITIAL SOIL WATER CONTENT 0.7100 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.190000006000E-03 CM/SEC

1

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 12.00 INCHES

POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL

INITIAL SOIL WATER CONTENT 0.0450 VOL/VOL
BEFFECTIVE SAT. HYD. COND. 0.299999993000E-01 CM/SEC
SLOPE 2.66 PERCENT

DRAINAGE LENGTH = 170.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY : 0.0000 VOL/VOL
FIELD CAPACITY 0.0000 VOL/VOL
WILTING POINT 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.199999996000E-12 CM/SEC
FML: PINHOLE DENSITY 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 10.00 HOLES/ACRE
FML PLACEMENT QUALITY = 4 - POOR

o

Il

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 17

THICKNESS = 0.24 INCHES

POROSITY = 0.7500 VOL/VOL
FIELD CAPACITY = 0.7470 VOL/VOL
WILTING POINT = 0.4000 VOL/VOL

INITIAL SOIL WATER CONTENT : 0.7470 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC

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

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML, PINHOLE DENSITY 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS 10.00 HOLES/ACRE
FML PLACEMENT QUALITY = 4 - POOR

0.0000 VOL/VOL
0.0000 VOL/VOL
0.199999996000E-12 CM/SEC

Il

Il

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20
THICKNESS = 0.20 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY 0.0100 VOL/VOL
WILTING POINT 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0100 VOL/VOL

It

It

EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 2.66 PERCENT
DRAINAGE LENGTH = 170.0 FEET

LAYER 8

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

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

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML, PINHOLE DENSITY 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS 10.00 HOLES/ACRE
FML PLACEMENT QUALITY = 4 - POOR

il

0.0000 VOL/VOL
0.0000 VOL/VOL
0.199999996000E-12 CM/SEC

il

i



TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

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

0.3670 VOL/VOL
INITIAL SOIL WATER CONTENT 0.4270 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.100000001000E-06 CM/SEC
SUBSURFACE INFLOW = 0.25 INCHES/YR

WILTING POINT

il

il

GENERAL DESTGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER = 93.10 .
FRACTION OF AREA ALLOWING RUNOFF = 0.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 6.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 1.860 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 2.784 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.122 INCHES
INITIAL SNOW WATER = 0.000 INCHES

.150 INCHES
.150 INCHES
.25 INCHES/YEAR

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW =

o
e
oo
0w

o

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBRTAINED FROM
Lincoln Illinois

STATION LATITUDE 40.10 DEGREES

il

MAXIMUM LEAF AREA INDEX = 0.00

START OF GROWING SEASON (JULIAN DATE) = 117

END OF GROWING SEASON (JULIAN DATE) = 290
EVAPORATIVE ZONE DEPTH = 6.0 INCHES
AVERAGE ANNUAL WIND SPEED = 10.30 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 71.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 65.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CHICAGO ILLINOIS

NORMAIL MEAN MONTHLY PRECIPITATION (INCHES)

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



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CHICAGO ILLINOIS

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
21.40 26.00 36.00 48.80 59.10 68.60
73.00 71.90 64.70 53.50 39.80 27.70

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CHICAGO ILLINOIS
AND STATION LATITUDE = 40.10 DEGREES

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

ANNUAL TOTALS FOR YEAR 1
Tt INcHES CU. FEET  PERCENT
PRECTPITATION 30.45 110533.531  100.00
RUNOFF 0.000 0.0600 0.00
EVAPOTRANSPIRATION | 20.809 75537.781 68.34
DRAINAGE COLLECTED FROM LAYER 3 6.3799 23158.877 20.95
PERC./LEAKAGE THROUGH LAYER 4 0.000807 2.930 0.00

AVG. HEAD ON TOP OF LAYER 4 0.6565
PERC./LEAKAGE THROUGH LAYER 6 0.000368 . 1.336 0.00
AVG. HEAD ON TOP OF LAYER 6 0.0815
SUBSURFACE INFLOW INTO LAYER 9 0.247600 898.788 0.81
DRAINAGE COLLECTED FROM LAYER 7 0.2480 900.124 0.81
PERC./LEAKAGE THROUGH LAYER 9 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0001
- CHANGE IN WATER STORAGE 3.260 11835.497 10.71

SOIL WATER AT START OF YEAR 103.503 375716.562

SOIL WATER AT END OF YEAR ' ‘ 106.764 387552.062



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

ANNUAL WATER BUDGET BALANCE 0.0000 0.035 0.00

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

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

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 1

RECIPITATION
TOTALS 0.66 0.58 2.21 3.11 1.87 4.54
3.84 3.56 3.15 2.02 2.10 2.81
STD. DEVIATIONS 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 - 0.00 0.00 0.00
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 0.0060 0.000 0.000 0.000 0.000 0;000
0.000 0.000 0.000 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS , 0.364 0.300 0.670 3.008 1.564 4.079
2.441 3.051 1.803 2.092 0.800 0.639
STD. DEVIATIONS 0.000 0.000 0.0060 0.000 0.000 0.0600
0.000 0.000 0.000 0.000 0.000 0.000

LATERAIL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.4424 0.4972  0.4992 0.5128 0.4917
0.5183 0.5257 0.5149 0.5488 0.5073  0.5502

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.00060 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

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



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 0.00060 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
’ 0.0000 0.0000 0.00600 0.0000 0.0000 0.0000
SUBSURFACE INFLOW INTO LAYER 9

TOTALS 0.0000 0.0000 0.0000 0.00060 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

LATERAL DRAINAGE COLLECTED FROM LAYER 7
TOTALS 0.0211 0.0190 0.0211 0.0204 0.0211 0.0204

0.0211 0.0211 0.0204 0.0211 0.0204 0.0211

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

TOTALS ©0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES 0.9357 0.5942 0.6031 0.6258 0.6220 0.6163
0.6287 0.6377 0.6454 0.6657 0.6359 0.6674
STD. DEVIATIONS .0000 0.0000 0.0000 0.0000 0.0000 0.0000

.0000 0.0000 0.0000 0.0000

[N es]
o
o
o
(@]
Q
(@]
(@]
(@]
o
o

AVERAGES 0.0177 0.0317 0.0427 0.0543 0.0659 0.0770

0.0878 0.0988 0.1094 0.1207 0.1310 0.1409
STD. DEVIATIONS .0000 0.0000 0.0000 0.0000 0.0000 0.0000
.0000 0.00600 0.00600 0.0000 0.0000 0.0000

o o

AVERAGES 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.00060 0.0000 0.0000 0.0000

******************************************************-k************************



\'*****************************-k***.*******************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 1
T NcEES cu. FEET PERCENT
PRECTPTTATION '30.45  (  0.000)  110533.5  100.00
RUNOFF 0.000 ( 0.0000) 0.00 0.000
EVAPOTRANSPIRATION 20.809 ( 0.0000) 75537.78 68.339

LATERAL DRAINAGE COLLECTED 6.37986{ ( 0.00000) 23158.877 20.95190

FROM LAYER 3

PERCOLATIQN/LEAKAGE THROUGH 0.00081 ( 0.00000) 2.930 0.00265
LAYER 4

AVERAGE HEAD ON TOP 0.656 ( 0.000)
OF LAYER 4

PERCOLATION/LEAKAGE THROUGH 0.00037 ( 0.00000) 1.336 0.00121
LAYER 6

AVERAGE HEAD ON TOP 0.081 ( 0.000)
.OF LAYER 6

SUBSURFACE INFLOW INTO 0.24760 898.788 0.81314
LAYER 9

LATERAL DRAINAGE COLLECTED 0.24797 ( 0.00000) 900.124 0.81434
FROM LAYER 7

PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.000 0.00000
LAYER 9

AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 8

CHANGE IN WATER STORAGE 3.260 ( 0.0000) 11835.50 10.708
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******************************************************************************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 1
T T  nenEs) | (cu. FT.)
PRECTPTTATION 11 6570.300
RUNOFF - 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 3 §0.051o3[ 185.25325
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000008 0.02777

AVERAGE HEAD ON TOP OF LAYER 4 1.919

MAXIMUM HEAD ON TOP OF LAYER 4 ,

LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 22.9 FEET
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000001 0.00443
AVERAGE HEAD ON TOP OF LAYER 6 0.146
DRAINAGE COLLECTED FROM LAYER 7 0.00068 . 2.46686
PERCOLATION/LEAKAGE THROUGH LAYER 9 0.000000 0.000600
AVERAGE HEAD ON TOP OF LAYER 8 ' 0.000
MAXIMUM HEAD ON TOP OF LAYER 8 0.004
LOCATION OF MAXIMUM HEAD IN LAYER 7

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 0.84 3034.7012
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4640
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1870

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

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

******************************************************************************
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FINAL WATER STORAGE AT END OF YEAR 1
LAYER (INCHES) (VOL,/VOL)
1 2.5364 0.4227

2 87.5161 0.7293
3 ) 0.8074 0.0673
——————rar ..

4 0.0000 0.0000
5 0.1769 / 0.74892
6 0.0000 0.0000
7 0.0020 fwdf6i0¢;
8 0.0000 0.0000
9 15.3720 i 5:4570 Z
SNOW WATER 0.000 |
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EXHIBIT 7
‘HELP’ MDEL RESULTS
INTERMEDIATE COVER



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

* %
* %
* %
* %
Kk %k
* %
* %

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

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

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

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:

c:\HELP\PRECIP.D4
C:\HELP\TEMP .D7

SOLAR RADIATION DATA FILE: C:\HELP\SOLAR.D13

EVAPOTRANSPIRATION DATA:

C:\HELP\EVAP IC.D1l1

SOIL, AND DESIGN DATA FILE: C:\HELP\SOIL:IC.DlO

OUTPUT DATA FILE:

TIME:

12:29

C:\HELP\CLIN IC.OUT

DATE: 10/ 8/2007

”******'*********************************************'k**************************

TITLE:

CLINTON LF. NO.3 CHEMICAL WASTE UNIT

(INTERMED.COVER 10YRS.)

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

THICKNESS = 12.00 INCHES
POROSITY = 0.4640 VOL/VOL

FIELD CAPACITY = 0.3100 VOL/VOL
WILTING POINT = 0.1870 VOL/VOL
INITIAL SOIL, WATER CONTENT = 0.3100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.639999998000E-04 CM/SEC

NOTE:

WERE SPECIFIED BY THE USER.

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 11

SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY

1

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

.80



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS ' = 1680.00 INCHES

POROSITY = 0.8500 VOL/VOL

FIELD CAPACITY = 0.8000 VOL/VOL

WILTING POINT o= 0.1350 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.7293 VOL/VOL

EFFECTIVE SAT. HYD. COND.. = 0.190000006000E-03 CM/SEC
LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 12.00 INCHES
POROSITY = 0.4170 VOL/VOL

FIELD CAPACITY 0.0450 VOL/VOL
WILTING POINT 0.0180 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0673 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.299999993000E-01 CM/SEC

il

SLOPE = 2.66 PERCENT
DRAINAGE LENGTH = 170.0 FEET
LAYER 4
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL
0.199999996000E-12 CM/SEC

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY 1.00 HOLES/ACRE
FMI: INSTALLATION DEFECTS 10.00 HOLES/ACRE
FML, PLACEMENT QUALITY = 4 - POOR

il

I

1]

Il

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 17

THICKNESS = 0.24 INCHES

POROSITY = 0.7500 VOL/VOL
FIELD CAPACITY = 0.7470 VOL/VOL
WILTING POINT = 0.4000 VOL/VOL



INITIAL SOIL WATER CONTENT 0.7489 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES

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

0.0000 VOL/VOL

INITIAL SOIL WATER CONTENT .
0.199999996000E-12 CM/SEC

EFFECTIVE SAT. HYD. COND.

fl

FML PINHOLE DENSITY ' = 1.00 HOLES/ACRE
FML: INSTALLATION DEFECTS = 10.00 HOLES/ACRE
FML. PLACEMENT QUALITY = 4 - POOR

LAYER 7

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
POROSITY : = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL

WILTING POINT
INITIAL: SOIL WATER CONTENT

0.0050 VOL/VOL
0.0100 VOL/VOL

It

EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 2.66 PERCENT
DRAINAGE LENGTH o= 170.0 FEET
LAYER 8
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

il

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL
0.199999996000E-12 CM/SEC

il

FML, PINHOLE DENSITY = 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 10.00 HOLES/ACRE
FMIL. PLACEMENT QUALITY = 4 - POOR

ILAYER 9



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
SUBSURFACE INFLOW = 0.25 INCHES/YR

il

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER = 89.10

FRACTION OF AREA ALLOWING RUNOFF = 75.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 14.0 INCHES

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITTIAL: SNOW WATER

It
(6]

.179 INCHES
.268 INCHES
.514 INCHES
.000 INCHES

It n
O N

INITIAL WATER IN LAYER MATERIALS = 1245.302 INCHES
TOTAL INITIAL WATER = 1245.302 INCHES

TOTAL SUBSURFACE INFLOW = 0.25 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

Lincoln Illinois
STATION LATITUDE = 40.10 DEGREES
MAXIMUM LEAF AREA INDEX = 1.00
START OF GROWING SEASON (JULIAN DATE) = 117
END OF GROWING SEASON (JULIAN DATE) = 290
EVAPORATIVE ZONE DEPTH = 14.0 INCHES
AVERAGE ANNUAL WIND SPEED = 10.30 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 71.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 65.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CHICAGO ILLINOIS

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)



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

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CHICAGO ILLINOIS

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
21.40 26.00 36.00 48.80 59.10 68.60
73.00 71.90 64.70 53.50 39.80 27.70

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CHICAGO ILLINOIS
AND STATION LATITUDE = 40.10 DEGREES

X ZE R E SRS EE SR SRS S E S S A SRS RS EEES S SR RS S S SRR SRS EEEEEEEESEEEEEEEEEEESEEESEEEREESE]

ANNUAL TOTALS FOR YEAR 1
R NCHES CU. FEET  PERCENT
PRECTPTTATION  30.45 110533.531  100.00
RUNOFF 1.603 5817.457 5.26
EVAPOTRANSPIRATION 25.521 92640.648 83.81
DRAINAGE COLLECTED FROM LAYER 3 8.3672 30373.102 27.48
PERC./LEAKAGE THROUGH LAYER 4 0.001102 4.000 0.00
AVG. HEAD ON TOP OF LAYER 4 0.8596
PERC./LEAKAGE THROUGH LAYER 6 0.000534 1.937 0.00
AVG. HEAD ON TOP OF LAYER 6 0.2183
SUBSURFACE INFLOW INTO LAYER 9 0.247600 898.788 0.81
DRAINAGE COLLECTED FROM LAYER 7 0.2481 900.727 0.81
PERC./LEAKAGE THROUGH LAYER 9 0.000000 0.000 0.00
A\VG. HEAD ON TOP OF LAYER 8 0.0001 |
CHANGE IN WATER STORAGE -5.041 -18299.330 -16.56

SOIL WATER AT START OF YEAR 1245.656 4521731.500



SOIL WATER AT END OF YEAR 1240.615 4503432.000

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR ) 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE -0.0001 -0.285 0.00
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ANNUAL TOTALS FOR YEAR 2
S INCHES CU. FEET  PERCENT
PRECTPTTATION 35.90 130317.016  100.00
RUNOFF 4.032 14636;987 11.23
EVAPOTRANSPIRATION 23.805 86413 .664 66.31
DRAINAGE COLLECTED FROM LAYER 3 8.2342 : 29890.074 22.94
PERC./LEAKAGE THROUGH LAYER 4 0.001081 3.925 0.00

VG. HEAD ON TOP OF LAYER 4 0.8483

PERC./LEAKAGE THROUGH LAYER 6 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 6 0.2362 |

SUBSURFACE INFLOW INTO LAYER 9 0.247600 898.788 0.69
DRAINAGE COLLECTED FROM LAYER 7 0.2482 900.806 0.69
PERC./LEAKAGE THROUGH LAYER 9 0.0000600 0.000 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0001

CHANGE IN WATER STORAGE -0.173 -626.264 -0.48
SOIL WATER AT START OF YEAR | 1240.615 4503432.000

SOIL WATER AT END OF YEAR 1237.349 4491576.500

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 3.093 ’ 11225.284 8.62
ANNUAL WATER BUDGET BALANCE 0.0601 0.535 0.00

;***********************-*******'k*************'k*******************************
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ANNUAL TOTALS FOR YEAR 3
I INCHES CU. FEET PERCENT
PRECTPTTATION 4440 161171.953  100.00
RUNOFF | 9.018 32733.705 20.31
EVAPOTRANSPIRATION 31.652 114895.859 71.29
DRAINAGE COLLECTED FROM LAYER 3 7.9950 29021.994 18.01
PERC. /LEAKAGE THROUGH LAYER 4 0.001046 3.795 0.00
AVG. HEAD ON TOP OF LAYER 4 0.8242
PERC./LEAKAGE THROUGH LAYER 6 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 6 0.2362
SUBSURFACE INF#OW INTO LAYER 9 | 0.247600 898.788 0.56
DRAINAGE COLLECTED FROM LAYER 7 0.2482 900.806 0.56
PERC./LEAKAGE THROUGH LAYER 9 ‘ 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0001
CHANGE IN WATER STORAGE -4.265 -15481.678 -9.61
SOIL WATER AT START OF YEAR 1237.349 4491576 .500,

SOIL WATER AT END OF YEAR 1235.923 4486401 .500
SNOW WATER AT START OF YEAR 3.093 11229.284 6.97
SNOW WATER AT END OF YEAR 0.254 922.749 0.57

ANNUAL WATER BUDGET BALANCE 0.0000 0.049 0.00
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*******************************************************************************

ANNUAL TOTALS FOR YEAR 4
S INCHES CU. FEET  PERCENT
PRECTPTTATION 30.12 109335.602  100.00
LUNOFF 4.597 16688.738 15.26
EVAPOTRANSPIRATION 24.248 88018.984 80.50

DRAINAGE COLLECTED FROM LAYER 3 8.1584 29615.119 27.09



PERC./LEAKAGE THROUGH LAYER 4 0.001069 3.880 0.00

AvVG. HEAD ON TOP OF LAYER 4 0.8387

PERC./LEAKAGE THROUGH LAYER 6 0.000557 2.022 0.00
AVG. HEAD ON TOP OF LAYER 6 0.2362

SUBSURFACE INFLOW INTO LAYER 9 ' 0.248278 901.250 0.82
DRAINAGE COLLECTED FROM LAYER 7 0.2488 903.274 0.83
PERC./LEAKAGE THROUGH LAYER 9 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0001

CHANGE IN WATER STORAGE -6.884 -24988.781 v—22.86
SOiL WATER AT START OF YEAR 1235.923 4486401.500 -

SOIL WATER AT END OF YEAR ‘ 1229.293 4462335.000

SNOW WATER AT START OF YEAR 0.254 ' 922.749 0.84
SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE -0.0001 ~0.481 0.00

R R R S Y Y Yy R R A R R R R R R R R R R R
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ANNUAL TOTALS FOR YEAR = b5
S INCHES CU. FEET  PERCENT
PRECTPITATION 32.29 117212.703  100.00
RUNOFF 3.951 14343 .528 12.24
EVAPOTRANSPIRATION 25.434 92324.047 78.77
DRAINAGE COLLECTED FROM LAYER 3 7.7188 28019.305 23.90
PERC./LEAKAGE THROUGH LAYER 4 0.001002 3.637 0.00

AVG. HEAD ON TOP OF LAYER 4 0.7949
PERC./LEAKAGE THROUGH LAYER 6 0.000555 2.01e6 0.00
AWG. HEAD ON TOP OF LAYER 6 0.2362
SUBSURFACE INFLbW INTO LAYER 9 0.247600 898.788 0.77

DRAINAGE COLLECTED FROM LAYER 7 0.2482 900.806 0.77



PERC./LEAKAGE THROUGH LAYER 9 0.000000 0.000 6.00

_ AVG. HEAD ON TOP OF LAYER 8 0.0001
CHANGE IN WATER STORAGE -4.814 -17476.465 -14.91
SOIL WATER AT START OF YEAR 1229.293 4462335.000
SOIL WATER AT END OF YEAR . 1224 .479 4444859.000
SNOW WATER AT START OF YEAR 0.000 0.000 0.060
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0001 . 0.267 0.00

khkkhkhkhhhhhhdhdhhhhhhhhkhhkdhhhhhhhhdhhhhhdbdkhhdhkddhhdhhhkhdhrhhdrihhrhhdrrdhkhrrtrrhrdh
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ANNUAL TOTALS FOR YEAR 6
T INCHES CU. FEET  PERCENT
| BRECTPTTATION 34.58 125525.437  100.00

RUNOFF 2.853 10357.521 8.25
EVAPOTRANSPIRATION 28.068 101888.203 81.17
DRAINAGE COLLECTED FROM LAYER 3 7.2453 26300.416 20.95
PERC./LEAKAGE THROUGH LAYER 4 0.000929 3.372 0.00
AVG. HEAD ON TOP OF LAYER 4 0.7475
PERC./LEAKAGE THROUGH LAYER 6 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 6 0.2362
SUBSURFACE INFLOW INTO LAYER 9 0.247600 898.788 0.72
DRAINAGE COLLECTED FROM LAYER 7 0.2482 900.806 0.72
PERC./LEAKAGE THROUGH LAYER 9 | 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0001
CHANGE IN WATER STORAGE -43.587 -13022.612 ~-10.37
SOIL WATER AT START OF YEAR 1224 .479 4444859.000
. .50IL WATER AT END OF YEAR 1220.859 4431717.000
SNOW WATER AT START OF YEAR | 0.000 - 0.000 0.00

SNOW WATER AT END OF YEAR 0.033 119.300 0.10



ANNUAL WATER BUDGET BALANCE 0.0000 -0.117 0.00
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ANNUAL TOTALS FOR YEAR 7
S INCHES CU. FEET  PERCENT
PRECIPITATION 5.2 127921.203  100.00
RUNOFF 4.069 14770.168 11.55
EVAPOTRANSPIRATION 26.447 96002.539 75.05
DRAINAGE COLLECTED FROM LAYER 3 7.5099 27261.014 21.31
PERC./LEAKAGE THROUGH LAYER 4 : 0.000972 3.529 0.00

AVG. HEAD ON TOP OF LAYER 4 0.7740

PERC./LEAKAGE THROUGH LAYER 6 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 6 - 0.2362 |
SUBSURFACE INFLOW INTO LAYER 9 0.247600 898.788 0.70
DRAINAGE COLLECTED FROM LAYER 7 : 0.2482 900.806 0.70
PERC./LEAKAGE THROUGH LAYER 9 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0001

CHANGE IN WATER STORAGE ~-2.787 -10115.093 -7.91
SOIL WATER AT START OF YEAR 1220.859 4431717.000

SOIL WATER AT EﬁD OF YEAR 1218.105 4421721.000

SNOW WATER AT START OF YEAR 0.033 " 119.300 0.09
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0002 0.557 0.00
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;****************************************************************************

ANNUAL TOTALS FOR YEAR 8

INCHES CU. FEET PERCENT



PRECIPITATION ‘ 35.13 127521.930 100.00
- YUNOFF 4.520 16407.953 12.87

EVAPOTRANSPIRATION 23.920 86828.648 68.09

DRAINAGE COLLECTED FROM LAYER 3 7.4594 27077.582 » 21.23

PERC./LEAKAGE THROUGH LAYER 4 0.000961 3.489 0.00

AVG. HEAD ON TOP OF LAYER 4 0.7663

PERC. /LEAKAGE THROUGH LAYER 6 0.000557 2.022 0.00

AVG. HEAD ON TOP OF LAYER 6 0.2362

SUBSURFACE INFLOW INTO LAYER 9 0.248278 901.250 0.71

DRAINAGE COLLECTED FROM LAYER 7 0.2488 903.274 0.71

PERC. /LEAKAGE THROUGH LAYER 9 0.000000 0.000 0.00

AVG. HEAD ON TOP OF LAYER 8 ’ 0.0001

CHANGE IN WATER STORAGE -0.770 -2793.762 -2.19

SOIL WATER AT START OF YEAR 1218.105 4421721.000

30IL WATER AT END OF YEAR 1215.794 4413332.000

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 1.541 5595.296 4.39

ANNUAL WATER BUDGET BALANCE -0.0001 -0.518 0.00
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ANNUAL TOTALS FOR YEAR 9
S INCHES CU. FEET PERCENT
PRECIPITATION —_;éjéi— iééiééjg;; £65j65—
RUNOFF 7.429 26968.176 19.24
EVAPOTRANSPTRATION 26.539 96335.375 68.74
YRAINAGE COLLECTED FROM LAYER 3 7.3743 26768.697 192.10
PERC./LEAKAGE THROUGH LAYER 4 0.000249 3.446 0.00

AVG. HEAD ON TOP OF LAYER 4 0.7587



PERC./LEAKAGE THROUGH LAYER 6 0.000555 2.016 0.00

AVG. HEAD ON TOP OF LAYER 6 0.2362
_SUBSURFACE TNFLOW INTO LAYER O 0.247600 898.788  0.64
DRAINAGE COLLECTED FROM LAYER 7 0.2482 900.806 0.64
PERC./LEAKAGE THROUGH LAYER 9 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0001
CHANGE IN WATER STORAGE -2.733 -9920.101 -7.08
SOIL WATER AT START OF YEAR 1215.794 4413332.000
SOIL WATER AT END OF YEAR 1214.603 4409007.000
SNOW WATER AT START OF YEAR 1.541 5595.296 3.99
SNOW WATER AT END OF YEAR - 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 0.133 0.00
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ANNUAL TOTALS FOR YEAR 10

PRECTPTTATTON 3075 111622.523  100.00
RUNOFF 3.685 13375.109 11.98
EVAPOTRANSPIRATION 23.471 85199.219 76.33
DRAINAGE COLLECTED FROM LAYER 3 7.5899 27551.475 24 .68
PERC./LEAKAGE THROUGH LAYER 4 0.000986 3.578 0.00
AVG. HEAD ON TOP OF LAYER 4 0.7819

PERC./LEAKAGE THROUGH LAYER 6 0.000555 2.016 0.00
.AVG. HEAD ON TOP OF LAYER é 0.2362

SUBSURFACE INFLOW INTO LAYER 9 0.247600 898.788 0.81
DRAINAGE COLLECTED FROM LAYER 7 0.2482 200.806 0.81
2ERC./LEAKAGE THROUGH LAYER 9 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0001

CHANGE IN WATER STORAGE -3.996 -14504.979 -12.99



- 'SOIL WATER AT START OF YEAR 1214.

'SOIL WATER AT END OF YEAR 1210.

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER -BUDGET BALANCE

603

le64

0.000

0.443

-0.0001

4409007.000

43928

94.000

0.000

©1608.462

-0.323

0.00

1.44

0.00
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

PRECIPITATION
TOTALS 1.51 1.60
4.10 3.31
STD. DEVIATIONS 0.75 0.64
1.41 1.35
RUNOFF
TOTALS 0.342 0.811
0.231 0.242
STD. DEVIATIONS 0.415 0.784
0.239 0.284
EVAPOTRANSPIRATION
TOTALS 0.486 0.443
3.993 3.011
STD. DEVIATIONS 0.116 0.083
1.692 1.386

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.6590 0.5935
0

STD. DEVIATIONS 0.0955 0.1041

TOTALS ‘ 0.0001 0.0001

[N o]

o]

.69
.00

.50
.41

.610
.305

.505
.305

.811
. 845

.457
.600

.6780
.6527

.0576
.0902

.0001

1 THROUGH

.26
.92

.13
.28

.352
.036

.491
.084

.070
.840

.830
.349

.6069
.6483

.0640
.0895

.0001

4.17
1.71

2.13
0.79

0.127
0.050

0.186
0.087

3.666
1.091

1.353
0.224

0.6703
0.6522

0.0892
0.1111

0.0001

2.01

.62
.98

o N

.305
.165

(e Ne]

.547
L2777

o O

4.059
0.597

1.115
0.136

0.6343

[0.6913]

0.0672
0.0640

0.0001



0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
6.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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 0.00600 0.0000 0.0000 6.0000 0.0000 0.0000"
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
SUBSURFACE INFLOW INTO LAYER 9
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0006G0
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LATERAL DRAINAGE COLLECTED FROM LAYER 7
TOTALS 0.0211 0.0192 0.0211 0.0204 0.0211 0.0204
0.0211 0.0211 0.0204 0.0211 0.0204 0.0211
STD. DEVIATIONS 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 9
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.06000
STD. DEVIATIONS 0.0000 0.06000 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 4
AVERAGES 0.7994 0.7905 0.8224 0.7607 0.8131 0.7951
0.7661 0.7850 0.8182 0.7864 0.8174 tO.SBBSi
STD. DEVIATIONS 0.1159 0.1304 0.0698 0.0802 0.1082 0.0842
0.1103 0.1114 0.1131 0.1086 0.1392 0.0776

AVERAGES 0.2293 0.2307 0.2319 0.2333 0.2347 0.2358
0.2362 0.2362 0.2362 0.2362 0.2362 0.2362
STD. DEVIATIONS 0.0218 0.0173 0.0135 0.0092 0.0048 @ 0.0012
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

DATLY AVERAGE HEAD ON TOP OF LAYER 8
AVERAGES 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001



STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.06000 0.0000 .
0.0000 0.00600 0.0000 0.0000 0.06000 0.0000
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 10
INCHES CU. FEET PERCENT
PRECIPITATION 34.75 ( 4.368) 126131.6 100.00
RUNOFF 4.576 ( 2.1452) 16609.94 13.169
EVAPOTRANSPIRATION 25.910 ( 2.4898) 94054 .72 74 .569
LATERAL DRAINAGE COLLECTED 17.765251( ‘0.39507) 28187.875 22.34799
FROM LAYER 3 B
PERCOLATION/LEAKAGE THROUGH 0.00101 ( 0.00006) 3.665 0.00291
LAYER 4
AVERAGE HEAD ON TOP 0.799 ( 0.040)
OF LAYER 4
ZRCOLATION/LEAKAGE THROUGH 0.00055 ( 0.00001) 2.010 0.00159
~ LAYER 6 :
AVERAGE HEAD ON TOP 0.234 ( 0.006)
OF LAYER 6
SUBSURFACE INFLOW INTO 0.24760 898.788 0.71258
LAYER 9
LATERAL DRAINAGE COLLECTED 0.24829 ( 0.00030) 901.292 0.71456
FROM LAYER 7
PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.000 0.00000
LAYER 9
AVERAGE HEAD ON TOP ' 0.000 ( 0.000)
OF LAYER 8
CHANGE IN WATER STORAGE -3.505 ( 2.0005) -12722.91 -10.087
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PEAK DATILY VALUES FOR YEARS 1 THROUGH 10
- (Inemes)  (cu. FT.)
PRECIPITATION 409 14846.700
RUNOFF . 1.538 5583.8047
DRAINAGE COLLECTED FROM LAYER 3 '[§:§EEE;] , 223.38950
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000010 0.03530

AVERAGE HEAD ON TOP OF LAYER 4 2.314
MAXIMUM HEAD ON TOP OF LAYER 4 /3.929i
LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 25.6 FEET
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000002 0.00552
AVERAGE HEAD ON TOP OF LAYER 6 0.236
DRAINAGE COLLECTED FROM LAYER 7 0.00068 2.46796
PERCOLATION/LEAKAGE THROUGH LAYER 9 0.000000 0.00000
AVERAGE HEAD ON TOP OF LAYER 8 . 0.000
MAXTIMUM HEAD ON TOP OF LAYER 8 0.004
LOCATION OF MAXIMUM HEAD IN LAYER 7

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 3.78 13732.6572
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.5136
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1796

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

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 10

LAYER (INCHES)

1 3.5724
2 1189.9114
3 1 0.7708
4 0.0000
5 0.1815
6 0.0000 0.0000
7 0.0020 0.0100
8 0.0000 0.0000
9 15.3720 f0.42702

SNOW WATER 0.443
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OD YEARS 1 - 30
TION AND REMOVAL
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 3.07

(1 NOVEMBER 1997)

DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
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******************************************************************************

*******’***********************************************************************

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

TIME:

11: 2

DATE: 10/ 9/2007

D:\tsca\PRECIP.D4
D:\tsca\TEMP.D7
D:\tsca\SOLAR.D13
D:\tsca\EVAP C.D11
D:\tsca\SOIL C30.D10
D:\tsca\soil ¢30.0UT

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

TITLE:

CLINTON LF. NO.3 CHEMICAL WASTE UNIT (CLOSURE 30 YRS/SS/LCS)

*************************4*******************************************_**********

FIELD CAPACITY

WERE SPECIFIED BY THE USER.

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8
THICKNESS ' =
POROSTITY =

il

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

NOTE:

SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.90
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

12.00 INCHES
0.4630 VOL/VOL
0.2320 VOL/VOL
0.1160 VOL/VOL
0.2320 VOL/VOL
0.369999994000E-03 CM/SEC



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 9

THICKNESS = 24 .00 INCHES
POROSITY = 0.5010 VOL/VOL

FIELD CAPACITY 0.2840 VOL/VOL
WILTING POINT 0.1350 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2840 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.190000006000E-03 CM/SEC

i

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES

POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL

INITIAL SOTII. WATER CONTENT 0.0100 VOL/VOL

It

EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 25.00 PERCENT
DRAINAGE LENGTH = 875.0 FEET
LAYER 4
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.04 INCHES
POROSITY = 0.0000 VOL/VOL
-FIELD CAPACITY = 0.0000 VOL/VOL

0.0000 VOL/VOL
0.0000 VOL/VOL
0.199999996000E-12 CM/SEC

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FMI, PINHOLE DENSITY 1.00 HOLES/ACRE
FMIL, INSTALLATION DEFECTS 10.00 HOLES/ACRE
FML:. PLACEMENT QUALITY = 4 - POOR

I

i

1l

il

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 0

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

WILTING POINT = 0.3670 VOL/VOL



INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.999999975000E-05 CM/SEC

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 11

THICKNESS = 12.00 INCHES

POROSITY = 0.4640 VOL/VOL

FIELD CAPACITY = 0.3100 VOL/VOL

WILTING POINT. = 0.1870 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.3100 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.639999998000E-04 CM/SEC
LAYER 7

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS = 133.20 INCHES
POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL

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

il

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 11

THICKNESS = 12.00 INCHES
POROSITY = 0.4640 VOL/VOL

FIELD CAPACITY = 0.3100 VOL/VOL
WILTING POINT = 0.1870 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.639999998000E-04 CM/SEC

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 1680.00 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.8000 VOL/VOL

WILTING POINT o= 0.1350 VOL/VOL



INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.7083 VOL/VOL

0.190000006000E-03 CM/SEC

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 12.00 INCHES
POROSITY 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0642 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.299999993000E-01 CM/SEC
SLOPE = 2.66 PERCENT
DRAINAGE LENGTH = 170.0 FEET

TYPE 4

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
¥ML PINHOLE DENSITY

FML INSTALLATION DEFECTS

- FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

It

I

0.

0.
0.
0.
0.
0.199999996000E-12 CM/SEC
1.
10.

06

0000
0000
0000
0000

00
00

- POOR

0

.24

FML PLACEMENT QUALITY = 4
LAYER 12
TYPE 1
MATERIAL TEXTURE NUMBER 17
THICKNESS =
POROSITY =

FIELD CAPACITY
WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 4

- FLEXIBLE

0
0
0
0

. 7500
.7470
.4000
.7500
0.300000003000E-08 CM/SEC

INCHES

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

HOLES/ACRE
HOLES/ACRE

- VERTICAL PERCOLATION LAYER

INCHES

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

MEMBRANE LINER



MATERIAL TEXTURE NUMBER 35

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

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

FML PINHOLE DENSITY = 1.00 HOLES/ACRE
FMIL, INSTALLATION DEFECTS = 10.00 HOLES/ACRE
FML PLACEMENT QUALITY = 4 - POOR

LAYER 14

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
POROSITY . = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 2.66 PERCENT
DRAINAGE LENGTH . = 170.0 FEET

LAYER 15

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY ' = . 0.0000 VOL/VOL
FIBELD CAPACITY 0.0000 VOL/VOL
WILTING POINT 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY ' 1.00 = HOLES/ACRE
FML, INSTALLATION DEFECTS 10.00 HOLES/ACRE
FML. PLACEMENT QUALITY = 4 - POOR

{11 | B (A |

LAYER 16

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

Il



SUBSURFAC

E INFLOW = 0.25 INCHES/YR

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 8 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 25.%
AND A SLOPE LENGTH OF 875. FEET. '

SCS RUNOFF CURVE NUMBER = 72.60
FRACTION OF AREA ALLOWING RUNOFF = 100.0
AREA PROJECTED ON HORIZONTAL PLANE = 1.00

EVAPORATIVE
INITIAL WATE
UPPER LIMIT
LOWER LIMIT
INITIAL SNOW
INITIAL WATE

TOTAL INITIAL WATER

TOTAL SUBSUR

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

Li

. STATION LATITUDE

MAXTIMUM
START O
END OF

EVAPORA
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

ZONE DEPTH = 20.0

R IN EVAPORATIVE ZONE = 5.05
OF EVAPORATIVE STORAGE = 9.56
OF EVAPORATIVE STORAGE = 2.47
WATER = 6.00
R IN LAYER MATERIALS = 1267.32

= 1267.32
FACE INFLOW = 0.25

EVAPOTRANSPIRATION AND WEATHER DATA

ncoln Il1linois

LEAF AREA INDEX
F GROWING SEASON (JULIAN DATE)
GROWING SEASON (JULIAN DATE)
TIVE ZONE DEPTH

ANNUAL WIND SPEED

1ST QUARTER RELATIVE HUMIDITY
2ND QUARTER RELATIVE HUMIDITY
3RD QUARTER RELATIVE HUMIDITY
4TH QUARTER RELATIVE HUMIDITY =

L N [ [N [ I

0

6
4 .
2
0
6
6

40
4

20.

10

71.
65.
70.
72.

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/

o o° o o

YEAR

.10 DEGREES
.00
117
290
0 INCH
.30 MPH
00
00
00

00

ES

" NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

CO

EFFICIENTS FOR CHICAGO

ILLINOI

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB
1.60 1
3.63 3

/AUG MAR/SEP APR/OCT MAY /NOV
31 2.59 3.66 3.15
53 3.35 2.28 2.06

S

JUN/DEC



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CHICAGO : ILLINOIS

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
21.40 26.00 36.00 48.80 59.10 68.60
73.00 71.90 64.70 53.50 39.80 27.70

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CHICAGO ILLINOIS
AND STATION LATITUDE = 40.10 DEGREES

**********************************************************************I*********

ANNUAL TOTALS FOR YEAR 1
S NCHES CU. FEET  PERCENT
PRECTPITATTON - 30.45 110533.531  100.00
RUNOFF 0.403 1463 .866 1.32
JAPOTRANSPIRATION 25.794 93631.258 1 84.71
DRAINAGE COLLECTED FROM LAYER 3 2.5135 9123.876 8.25
PERC./LEAKAGE THROUGH LAYER 5 0.000299 1.085 0.00
AVG. HEAD ON TOP OF LAYER 4 ‘ - 0.0005
DRAINAGE COLLECTED FROM LAYER 10 7.3147 26552.240 - 24.02
PERC./LEAKAGE THROUGH LAYER 11 0.000943 3.424 0.00
AVG. HEAD ON TOP OF LAYER 11 0.7549
PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
- AVG. HEAD ON TOP OF LAYER 13 0.2362
SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.81
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.81
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001
AANGE IN WATER STORAGE -5.576 ~-20239.289 -18.31
SOIL WATER AT START OF YEAR 1267.680 4601678.500

SOIL WATER AT END OF YEAR 1262.104 45814392.500



SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE -0.0001 -0.442 ~0.00
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ANNUAL TOTALS FOR YEAR 2
S INCHES CU. FEET DERCENT
PRECTPITATION 35.90 130317.016  100.00
RUNOFF 2.407 8736.625 6.70
EVAPOTRANSPIRATION 25.199 91473.375 70.19
DRAINAGE COLLECTED FROM LAYER 3 8.0221 29120.248 22 .35
PERC./LEAKAGE THROUGH LAYER 5 0.000882 3.201 0.00

‘AVG. HEAD ON TOP OF LAYER 4 0.0014 |

ORAINAGE COLLECTED FROM LAYER 10 7.1049 25790.635 19.79
PERC./LEAKAGE THROUGH LAYER 11 -~ 0.000910 3.305 0.00
AVG. HEAD ON TOP OF LAYER 11 0.7324

VPERC./LEAKAGE THROUGH LAYER 13 , 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.69
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 ‘0.69
PERC./LEAKAGE THROUGH LAYER 16 | 0.000000 | 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 _ 0.0001

CHANGE IN WATER STORAGE -6.834 -24806.619 -19.04
SOIL WATER AT START OF YEAR 1262.104 4581439.500

SOIL WATER AT END OF YEAR 1252.177 4545403 .500

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR - 3.093 11229.284 8.62

ANNUAL WATER BUDGET BALANCE 0.0002 0.733 0.00
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ANNUAL TOTALS FOR YEAR 3
S INCHES CU. FEET  PERCENT
PRECTPITATION | 4440 161171.953  100.00
RUNOFF 5.073 18414.098 11.43
EVAPOTRANSPIRATION 33.949 123235.414 76.46
DRAINAGE COLLECTED FROM LAYER 3 7.1436 25931.33C 16.09
PERC./LEAKAGE THROUGH LAYER 5 0.000780 2.831 0.00

AVG. HEAD ON TOP OF LAYER 4. ' 0.0013

DRAINAGE COLLECTED FROM LAYER 10 6.6756 24232.283 15.04
PERC./LEAKAGE THROUGH LAYER 11 0.000848 3.079 0.00
AVG. HEAD ON TOP OF LAYER 11 0.6884

fERC./LEAKAGE THROUGH LAYER 13 0.000555 2.01e6 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.56
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.56
PERC./LEAKAGE THROUGH LAYER 16 0.0060000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE 4 -8.442 -30643.309 -19.01
SOIL WATER AT START OF YEAR 1252.177 4545403.500

SOIL. WATER AT END OF YEAR 1246 .575 4525066 .500

SNOW WATER AT START OF YEAR 3.693 11229.284 6.97
SNOW WATER AT END OF YEAR , 0.254 922.749 0.57
ANNUAL WATER BUDGET BALANCE 0.0000 0.115 0.00
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ANNUAIL TOTALS FOR YEAR 4

' INCHES CU. FEET PERCENT
© JRECIPITATION 3012 109335.602  100.00
RUNOFF , 3.635 13195.945 12.07
EVAPOTRANSPIRATION 24.154 87677.727 80.19
DRAINAGE COLLECTED FROM LAYER 3 2.2583 8197.716 7.50
PERC./LEAKAGE THROUGH LAYER 5 0.000259 . 0;942 : 0.00

AVG. HEAD ON TOP OF LAYER 4 0.0004

DRAINAGE COLLECTED FROM LAYER 10 - 6.6807 24250.984 22.18
.PERC./LEAKAGE THROUGH LAYER 11 0.000851 3.089 0.00
AVG. HEAD ON TOP OF LAYER 11 0.6869

PERC./LEAKAGE THROUGH LAYER 13 0.000557 2.022 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SﬁéSURFACE INFLOW INTO LAYER 16 0.248278 901.250 0.82
DRAINAGE -COLLECTED FROM LAYER 14 0.2488 203.274 0.83
’éERC./LEAKAGE THROUGH LAYER 16 : 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE . -6.608 -23988.670 -21.94
SOIL WATER AT START OF YEAR | | 1246.575 4525066.500

SOIL WATER AT END OF YEAR' 1240.221  4502000.500

SNOW WATER AT START OF YEAR 0.254 922.749 0.84
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 -0.126 0.00
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ANNUAL TOTALS FOR YEAR 5
INCHES CU. FEET PERCENT
PRECIPITATION 32.29 117212.703 100.00

RUNOFF ‘ 2.793 © 10140.076 8.65



EVAPOTRANSPIRATION 25.787 93608.164 79.86

ORAINAGE COLLECTED FROM LAYER 3 3.7144 13483.307 11.50
PERC./LEAKAGE THROUGH LAYER 5 0.000409 1.486 0.00
~AVG. HEAD ON TOP OF LAYER 4 0.0007

DRAINAGE COLLECTED FROM LAYER 10 6.3151 22823.844 19.56
PERC./LEAKAGE THROUGH LAYER 11 0.000796 2.890 0.00
AVG. HEAD ON TOP OF LAYER 11 0.6506

PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 © 0 0.77
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.77
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.0060 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE -6.321 -22944 .508 ~-19.58

OIL WATER AT START OF YEAR 1240;221 4502000.500

SOIL, WATER AT END OF YEAR 1233.900 4479056.000

SNOW WATER AT START OF YEAR , 0.000 0.000 0.00
SNOW WATER AT END OF YEAR | ' 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE -0.0001 ~0.197 0.00

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

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

ANNUAL TOTALS FOR YEAR 6
TR INCHES CU. FEET  PERCENT
PRECTPTTATION 3458 125525.437  100.00
RUNOFF 1.187 4308.437 3.43
TVAPOTRANSPIRATION 27.797 100902.641 80.38

' DRAINAGE COLLECTED FROM LAYER 3 5.5717 20225.309 16.11

PERC./LEAKAGE THROUGH LAYER 5 ' 0.000631 2.292 0.00



AVG. HEAD ON TOP OF LAYER 4 0.0010

DRAINAGE COLLECTED FROM LAYER 10 6.4209 23307.707 18.57
4vERCI/LEAKAGE THROUGH LAYER 11 0.000814 2.953 0.00
AVG. HEAD ON TOP OF LAYER 11 0.6618

PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.72
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.72
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.0CO 0.00
AVG. HEAD ON TOP OF LAYER 15 0.06001

CHANGE IN WATER STORAGE -6.397 ~-23220.908 -18.50
SOIL WATER AT START OF YEAR 1233.900 4479056.000

SOIL WATER AT END’OF YEAR 1227.470 4455716.000

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
QNOW WATER AT END OF YEAR 0.033 119.300 0.10
AﬁNUAL WATER BUDGET BALANCE - 0.0001 0.228 0.00
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ANNUAL TOTALS FOR YEAR 7
R INCHES CU. FEET  PERCENT
PRECIPITATION 35.24 127921.203  100.00
RUNOFF ‘ 1.367 4962.718 . 3.88
EVAPOTRANSPIRATION , 26.931 97760.992 76.42
DRAINAGE COLLECTED FROM LAYER 3 7.1442 25933 .486 20.27
PERC./LEAKAGE THROUGH LAYER 5 . 0.000812 2.947 0.00

AVG. HEAD ON TOP OF LAYER 4 | 0.0013
'RAINAGE COLLECTED FROM LAYER 10 6.3156 22925 .650 17.92
PERC./LEAKAGE THROUGH LAYER 11 0.000800 2.904 0.00

AVG. HEAD ON TOP OF LAYER 11 : 0.6505



PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00

“AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.70
DRAINAGE COLLECTED FROM LAYER 14 0.2482 200.806 0.70
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 » 0.0001

CHANGE IN WATER STORAGE -6.519 - -23663.342 -18.50
SOIL WATER AT START OF YEAR 1227.470 4455716 .000

SOIL WATER AT END OF YEAR 1220.984 '4432172.000

SNOW WATER AT START OF YEAR 0.033 119.300 0.09
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE -0.0001 -0.316 0.00
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ANNUAL TOTALS FOR YEAR 8
S INCHES CU. FEET  PERCENT
PRECIPITATION __;giig_ ié;géitégé ié&jgg—
RUNOFF 2.423 8795.479 6.90
EVAPOTRANSPIRATION 25.113 91161.617 71.49
DRAINAGE COLLECTED FROM LAYER 3 6.3221 22949.160 18.00
"PERC./LEAKAGE THROUGH LAYER 5 0.000698 2.533 0.00

AVG. HEAD ON TOP OF LAYER 4 0.0011
DRAINAGE COLLECTED FROM LAYER 10 5.9945 21760.092 17.06
PERC./LEAKAGE THROUGH LAYER 11 0.000753 2.733 0.00
AVG. HEAD ON TOP OF LAYER 11 - 0.6157
'?ERC./LEAKAGE THROUGH LAYER 13 0.000557 2.022 0.00
‘.AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.248278 901.250 0.71



DRAINAGE COLLECTED FROM LAYER 14 0.2488 903.274 0.71

PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
';VG. HEAD ON TOP OF{LAYER 15 0.0001

CHANGE IN WATER STORAGE _ -4.724 -17146.707 -13.45
SOIL WATER AT START OF YEAR 1220.984 . 4432172.000

SOIL WATER AT END OF YEAR 1214.719 4409430.000

SNOW" WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 1.541 5595.296 4.39
ANNUAL WATER BUDGET BALANCE 0.0001 0.264 0.00

kkhkkkhkkhkkkkhkhkkkkhkhhkhhkkhhkhkkhkhhkhhkhkhkdhhhhdhhhhhkhhhkhhhdbdhhkhkhdhddkhkhdddkhhdhkhdhdhdhkkhkhkdkhhhhkihddi

EE R RS EE S SRS S S S LSS SRS SRS S AR EE SR RS SRR SRR RS ERE R ER SRS LT EEE LRSS EEEEEEEEE RS RS S &S]

ANNUAL TOTALS FOR YEAR 9
S NCHES CU. FEET  PERCENT
RECTPTTATION | 3861 140154.297  100.00
RUNOFF ' 5.591 20294 .348 14.48
EVAPOTRANSPIRATION 27.724 100636.656 71.80
DRAINAGE COLLECTED FROM LAYER 3 5.6713 20586.979 14.69
PERC./LEAKAGE THROUGH LAYER 5 0.000621 2.254 0.00

AVG. HEAb ON TOP OF LAYER 4 0.06010
DRAINAGE COLLECTED FROM LAYER 10 5.7895 | 21015.920 14.99
PERC./LEAKAGE THROUGH LAYER 11 0.060725 2.630 0.00
AVG. HEAD ON TOP OF LAYER 11 0.5966
PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.0164 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362
SUBSURFACE INFLOW INTO LAYER 16 0.247600 858.788 0.64‘
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.64
?ERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE -6.166 -22381.387 -15.97



SOIL WATER AT START OF YEAR 1214.719 4409430.000

""SOIL WATER AT END OF YEAR 1210.095 4392644 .000

‘SNOW WATER AT START CF YEAR 1.541 5585.296 3.99
SNOW WATER AT END OF YEAR 0.000 06.000 0.00
ANNUAL WATER BUDGET BALANCE ‘ -0.0001 -0.230 0.00
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ANNUAL TOTALS FOR YEAR 10

INCHES CU. FEET PERCENT
PRECTPITATION 30.75 111622.523  100.00
RUNOFF 1.311 4759.134 4.26
EVAPOTRANSPIRATION 23.978 87039.320 77.98
DRAINAGE COLLECTED FROM LAYER 3 6.1383 22281.852 19.96
'éERC./LEAKAGE THROUGH LAYER 5 6.000680 ) 2.468 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0011
DRAINAGE COLLECTED FROM LAYER 10 . 5.8636 21284.984 19.07
PERC./LEAKAGE THROUGH LAYER 11 0.000736 2.673 0.00
AVG. HEAD ON TOP OF LAYER 11 0.6040
PERC./LEAKAGE THROUGH LAYER 13 | 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362
SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.81
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.81
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001
CHANGE IN WATER STORAGE ~-6.541 -23744.820 -21.27
SOIL WATER AT START OF YEAR 1210.095 43592644 .000
SOIL WATER AT END OF YEAR 1203.110 4367290.500

SNOW WATER AT START OF YEAR 0.000 0.000 0.00



SNOW WATER AT END OF YEAR 0.443 1608.462 1.44

ANNUAL WATER BUDGET BALANCE 0.00600 0.032 . 0.00

‘****************************************************************************
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ANNUAL TOTALS FOR YEAR 11

INCHES CU. FEET PERCENT

PRECTPTTATION 25.85 193835.500  100.00
RUNOFF 1.894 6874 .820 7.33
EVAPOTRANSPIRATION 21.274 77226.398 82.30
DRAINAGE COLLECTED FROM LAYER 3 2.7363 9932.829 10.59
PERC./LEAKAGE THROUGH LAYER 5 0.000306 1.112 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0005

DRAINAGE COLLECTED FROM LAYER 10 5.8400 21199.154 22.59
ERC./LEAKAGE THROUGH LAYER 11 0.000733 2.662 0.00
AVG. HEAD ON TOP OF LAYER 11 0.6013

PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 | 0.247600 898.788 0.96
DRAINAGE COLLECTED FROM LAYER 14 | 0.2482 906.806 0.96
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 - 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE -5.895 -21399.939 -22.81
SOIL WATER AT START OF YEAR » 1203.110 4367290.500

SOIL WATER AT END OF YEAR 1197.297 4346187.000

SNOW WATER AT START OF YEAR, ' 0.443 1608.462 1.71
SNOW WATER AT END OF YEAR 0.362 1312.330 1.40
.NNUAL WATER BUDGET BALANCE | 0.0001 0.219 0.00

**********************'k********************************************************
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ANNUAL TOTALS FOR YEAR 12

INCHES CU. FEET PERCENT
PRECTPTTATION 2881 104580.297  100.00
RUNOFF 0.782 2840.143 2.72
EVAPOTRANSPIRATION ' 22.585 81984 .656 78.39
DRAINAGE COLLECTED FROM LAYER 3 5.7854 21000.941 ’20.08
'PERC./LEAKAGE THROUGH LAYER 5 0.000662 2.403 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0010
DRAINAGE COLLECTED FROM LAYER 10 5.6415 20478.584 19.58
PERC./LEAKAGE THROUGH LAYER 11 ' 0.000706 2.561 0.00
AVG. HEAD ON TOP OF LAYER 11 0.5800
PERC./LEAKAGE THROUGH LAYER 13 0.000557 2.022 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362
SUBSURFACE INFLOW INTO LAYER 16 0.248278 901.250 0.86
DRAINAGE COLLECTED FROM LAYER 14 0.2488 903.274 >O.86
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001
CHANGE IN WATER STORAGE : -5.985 , -21725.762 -20.77
SOIL WATER AT START OF YEAR 1197.297 4346187.000
SOIL WATER AT END OF YEAR 1191.673 4325773.500
SNOW WATER AT START OF YEAR 0.362 1312.330 1.25
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE -0.0001 -0.286 0.00

1_:*******************************************'k**********************************
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ANNUAL TOTALS FOR YEAR 13

INCHES CU. FEET PERCENT



PRECIPITATION ' 31.56 114562.812  100.00

JQUNOFF 1.581 5746.238 5.01
EVAPOTRANSPIRATION ' 24.074 87389.937 76.28
DRAINAGE COLLECTED FROM LAYER 3 4.7439 17220.344 15.03
PERC./LEAKAGE THROUGH LAYER 5 0.000548 .1.990 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0009
DRAINAGE COLLECTED FROM LAYER 10 5.5846 20272.184 17.70
PERC./LEAKAGE THROUGH LAYER 11 0.000699 - 2.536 0.00
AVG; HEAD ON TOP OF LAYER 11 - 0.5752
PERC./LEAKAGE THROUGH LAYER 13 0.0060555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362
SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.783 0.78
DRAINAGE COLLECTED FROM LAYER 14 0.2482 . 900.806 0.79
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
.;VG. HEAD ON TOP OF LAYER 15 0.0001
CHANGE IN WATER STORAGE -4.425 —16061.893‘ -14.02
SOIL WATER AT START OF YEAR ¢ 1191.673 4325773.500
SOIL WATER AT END OF YEAR 1186.843 4308239.000
SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.406 1472.621 1.29
ANNUAL WATER BUDGET BALANCE 0.0000 -0.022 0.00
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ANNUAL TOTALS FOR YEAR 14

INCHES CU. FEET PERCENT
CRECIPITATION 31.36 113836.836 100.00
' RUNOFF 1.048 3803.416 3.34

EVAPOTRANSPIRATION 21.393 77654 .914 68.22



DRAINAGE COLLECTED FROM LAYER 3 . 6.4878 23550.621 20.69

PERC./LEAKAGE THROUGH LAYER 5 0.000719 2.609 0.00
;VG. HEAD ON TOP OF LAYER 4 0.0012

DRAINAGE COLLECTED FROM LAYER 10 5.3647 19473.799 17.11
PERC./LEAKAGE THROUGH LAYER 11 0.000668 2.425 0.00
AVG. HEAD ON TOP OF LAYER 11 0.5533

PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSUéFACE INFLOW INTO LAYER 16 ' 0.247600 898.788 0.79
DRAINAGE COLLECTED FROM LAYER 14 ~ 0.2482 900.806 0.79
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE -2.933 —10647.914 -92.35
SOIL WATER AT START OF YEAR | 1186.843 4308239.000

SOIL WATER AT END OF YEAR 1180.689 4285901.500

SNOW WATER AT START OF YEAR 0.406 1472.621 1.29
SNOW WATER AT END OF YEAR 3.626 13162.146 11.56
ANNUAL WATER BUDGET BALANCE 0.0000 -0.016 0.00
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ANNUAL TOTALS FOR YEAR 15

INCHES CU. FEET PERCENT
PRECTPITATION 2436 '88426.828  100.00
RUNOFF 3.005 10908.397 12.34
EVAPOTRANSPIRATION 20.537 74548.703 84 .31
DRAINAGE COLLECTED FROM LAYER 3 3.4986 12699.758 14.36
;ERC./LEAKAGE THROUGH LAYER 5 0.000391 1.419 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0006

DRAINAGE COLLECTED FROM LAYER 10 5.2751 19148.545 21.65



PERC./LEAKAGE THROUGH LAYER 11 0.000657 2.383 0.00

"AVGE. HEAD ON TOP OF LAYER 11 0.5431

‘PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362 |
SUBSURFACE INFLOW INTO LAYER 16 | 0.247600 898.788 1.02
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 1.02
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0C01
CHANGE IN WATER STORAGE -7.956 -28881.217 -32.66
SOIL WATER AT START OF YEAR 1180.689 4285501.500
SOIL WATER AT END OF YEAR 1176.359 4270182.500
SNOW WATER AT START OF YEAR 3.626 13162.146 14.88
SNOW WATER AT END OF YEAR | 0.000 0.000 06.00
ANNUAL WATER BUDGET BALANCE 0.0002 0.624 0.00
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ANNUAL TOTALS FOR YEAR 16

INCHES CU. FEET PERCENT
PRECIPITATION 30.70 111440.992  100.00
RUNOFF 0.531 1927.310 1.73
EVAPOTRANSPIRATION | 25.800 93653.836 84.04
DRAINAGE COLLECTED FROM LAYER 3 4.0199 14592.108 13.09
PERC./LEAKAGE THROUGH LAYER 5 0.000485 1.760 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0007
DRAINAGE COLLECTED FROM LAYER 10 5.1359 18643.232 16.73
“ERC./LEAKAGE THROUGH LAYER 11 0.000638 2.314 0.00
AVG. HEAD ON TOP OF LAYER 11 | 0.5278

PERC./LEAKAGE THROUGH LAYER 13 0.000557 2.022 0.00



AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.248278 901.250 0.81
=)RAINAGE COLLECTED FROM LAYER 14 0.2488 903.274 0.81
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.060 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE k | -4.787 -17377.207 -15.59
SOIL WATER AT START OF YEAR 1176 .359 4270182.500

SOIL, WATER AT END OF YEAR 1171.572 4252805.000

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE -0.0001 -0.310 0.00
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ANNUAL TOTALS FOR YEAR 17

INCHES CU. FEET PERCENT
PRECTPTTATION 3844 139537.187  100.00
RUNOFF 1.832 7014 .852 5.03
EVAPOTRANSPIRATION 31.159 113108.539 81.06
DRAINAGE COLLECTED FROM LAYER 3 4.8249 17514.289 12.55
PERC./LEAKAGE THROUGH LAYER 5 0.000547 1.987 - 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0009
DRAINAGE COLLECTED FROM LAYER 10 5.1040 18527.396 13.28
PERC./LEAKAGE THROUGH LAYER 11 0.000634 2.301 0.00
AVG. HEAD ON TOP OF LAYER 11 | 0.5259
PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362
' UBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.64
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.65

PERC./LEAKAGE THROUGH LAYER 16 0.000000 : 0.000 0.00



AVG. HEAD ON TOP OF LAYER 15 0.0001

'“HANGE IN WATER STORAGE ' -4.581 -16630.037 .~11.92
SOIL WATER AT START OF YEAR 1171.572 4252805.000
SOIL WATER AT END OF YEAR 1166.940 4235994 .000
SNOW WATER AT START OF YEAR 0.000 : 0.000 0.00
SNOW WATER AT END OF YEAR 0.050 181.312 0.13
ANNUAL WATER BUDGET BALANCE 0.0000 0.140 0.00

*******************************************************************************
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ANNUAL TOTALS FOR YEAR 18

INCHES CU. FEET PERCENT
PRECIPITATION C24.91 90423.328  100.00
RUNOFF | 1.906 6917.433 7.65
EVAPOTRANSPIRATION 21.144 76753.516 84.88
DRAINAGE COLLECTED FROM LAYER 3 3.1782 11536.842 12.76
PERC./LEAKAGE THROUGH LAYER 5 0.000342 1.240 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0006

DRAINAGE COLLECTED FROM LAYER 10 4.9700 18040.998 19.95
PERC./LEAKAGE THROUGH LAYER 11 0.000616 2.237 0.00
AVG. HEAD ON TOP OF LAYER 11 0.5121

PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 ©0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.99
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 1.00
PERC./LEAKAGE THROUGH LAYER 16 b.oooooo 0.000 0.00
\VG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE ~ -6.289 -22827.373 -25.25

SOIL WATER AT START OF YEAR 1166.940 4235994 .000



SOIL WATER AT END OF YEAR 1159.948 - 4210611.000

SNOW WATER AT START OF YEAR 0.050 181.312 0.20
sNOW WATER AT END OF YEAR 0.754 2736.910 3.03
ANNUAL: WATER BUDGET BALANCE 0.0000 -0.103 0.00
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ANNUAI, TOTALS FOR YEAR 19

INCHES CU. FEET PERCENT
'PRECTPTTATION 3s.a1 143058.250  100.00
RUNOFF 4.942 17938.773 12.54
EVAPOTRANSPIRATION 23.319 84649.195 | 59.17
DRAINAGE COLLECTED FROM LAYER 3 8.9154 32362.855 22.62
PERC./LEAKAGE THROUGH LAYER 5 0.000965 3.503 0.00
AWG. HEAD ON TOP OF LAYER 4 0.0016
DRAINAGE COLLECTED FROM LAYER 10 4.9765 18064 .545 12.63
PERC./LEAKAGE THROUGH LAYER 11 0.000618 2.242 0.00
AVG. HEAD ON TOP OF LAYER 11 0.5128
PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362
SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.63
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.63
PERC./LEAKAGE THROUGH LAYER 16 0.600000 0.000 | 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001
CHANGE IN WATER STORAGE ~-2.744 -9959.294 -6.96
SOIL WATER AT START OF YEAR 1159.948 4210611.000
SOIL;“ATER AT END OF YEAR 1156.875 4199455.500
SNOW WATER AT START OF YEAR 0.754 2736.910 1.91
SNOW WATER AT END OF YEAR 1.083 3933.042 2.75

ANNUAL WATER BUDGET BALANCE 0.0000 0.151 0.00



R E E R R FE RS R S S R R RS SR SRR S EEEEEE RS RS E SR SRR EEEE SRR RS E R SRR EEEEEEEEEEEEEEEEEEEEESS

IR R R R RS EE IR RS S A SRS A S E SRR L LRSS S EE LSS SRR SRS EEEEEESEEEEEEEREEEEEESEEEEESSEEEEE]

ANNUAL TOTALS FOR YEAR 20

INCHES CU. FEET PERCENT
PRECTPTTATION 3499 127013.680  100.00
RUNOFF 5.073 18415.906 14.50
EVAPOTRANSPIRATION 24 .060 87336.250 68.76
DRAINAGE COLLECTED FROM LAYER 3 6.9694 ~ 25298.793 19.92
PERC./LEAKAGE THROUGH LAYER 5 0.000759 2.756 0.00
AVG; HEAD ON TOP OF LAYER 4 0.0013
DRAINAGE COLLECTED FROM LAYER 10 4 .8562 17627.891 13.88
PERC./LEAKAGE THROUGH LAYER 11 0.000602 2.184 0.00
AVG. HEAD ON TOP OF LAYER 11 0.4987
PERC./LEAKAGE THROUGH LAYER 13 . 0.000557 2.022 0.00
AVG. HEAD ON TOP OF LAYER 13- 0.2362
SUBSURFACE INFLOW INTO LAYER 16 .0.248278' ' 901.250 0.71
DRAINAGE COLLECTED FROM LAYER 14 0.2488 903.274 0.71
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001
CHANGE IN WATER STORAGE -5.969 ~-21667.400 ~-17.06
SOIL WATER AT START OF YEAR 1156.875 ‘ 4199455.500
SOIL WATER AT END OF YEAR 1151.989 4181721.000
SNOW WATER AT START OF YEAR 1.083 3933.042 3.10
SNOW WATER AT END OF YEAR | 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0001 0.217 0.00
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ANNUAL TOTALS FOR YEAR 21

INCHES CU. FEET PERCENT
 PRECIPITATION 3873 140589.906  100.00
RUNOFF | 1.232 4473.567 3.18
EVAPOTRANSPIRATION 32.180 116813.930 ~ 83.09
DRAINAGE COLLECTED FROM LAYER 3 - 4.9480 17961.123 12.78
PERC./LEAKAGE THROUGH LAYER 5 0.000577 2.094 0.00

AVG. HEAD ON TOP OF LAYER 4 0.0009
DRAINAGE COLLECTED FROM LAYER 10 4.6580 16908.629 12.03
PERC./LEAKAGE THROUGH LAYER 11 © 0.000575 2.089 0.00
AVG. HEAD ON TOP OF LAYER 11 0.4800
PERC . /LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362
'SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.64
RAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.64
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
~ AVG. HEAD ON TOP OF LAYER 15 0.0001
CHANGE IN WATER STORAGE 7 -4.289 -15568.694 -11.07
SOIL WATER AT START OF YEAR 1151.989 4181721.000
SOIL WATER AT END OF YEAR 1146.873 4163148.750
SNOW WATER AT START OF YEAR 0.000 0.000 .00
SNOW WATER AT END OF YEAR 0.827 3003.594 2.14
ANNUAL WATER BUDGET BALANCE - -0.0002 -0.657 0.00
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ANNUAL TOTALS FOR YEAR 22

PRECIPITATION . 39.61 143784 .297 100.00



RUNOFF 0.840 3048.268 2.12

EVAPOTRANSPIRATION 31.143 113049.203 78.62
;RAINAGE COLLECTED FROM LAYER 3 6.4312 : 23345.104 16.24
PERC./LEAKAGE THROUGH LAYER 5 0.000743 : 2.696 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0011

DRAINAGE COLLECTED FROM LAYER 10 4.5605 16554 .445 11.51
PERC./LEAKAGE THROUGH LAYER 11 0.000562 2.041 ‘0.00
AVG. HEAD ON TOP OF LAYER® 11 0.4699

PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16l 0.247600 ~ 898.788 0.63
DRAINAGE COLLECTED FROM LAYER 14 . 0.2482 900.806 0.63
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE ' -3.365 —12215.503 -8.50
SOIL WATER AT START OF YEAR 1146.873 4163148.750

SOIL WATER AT END OF YEAR 1142.276 4146460.000

SNOW WATER AT START OF YEAR 0.827 3003.594 2.09
SNOW WATER AT END OF YEAR 2.060 7476.697 5.20
ANNUAL WATER BUDGET BALANCE 0.0002 0.770 0.00
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ANNUAL TOTALS FOR YEAR 23

INCHES CU. FEET PERCENT
PRECTPTTATION 4318 156743.328  100.00
RUNOFF ‘ 2.261 8205.882 5.24
NAPOTRANSPIRATION 34.371 124768 .484 79.60
DRAINAGE COLLECTED FROM LAYER 3 8.0879 29359.102 18.73

PERC./LEAKAGE THROUGH LAYER 5 0.000904 3.281 0.00



AVG. HEAD ON TOP OF LAYER 4 0.0014

"RAINAGE COLLECTED FROM LAYER 10 4.5832 ~ 16636.975 10.61
PERC. /LEAKAGE THROUGH LAYER 11 0.000566 2.055 0.00
AVG. HEAD ON TOP OF LAYER 11 0.4723

PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.57
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.57
PERC. /LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE -6.124 -22228.389 -14.18
SOIL WATER AT START OF YEAR 1142.276 4146460.000

SOIL WATER AT END OF YEAR 1136.595 4125839.750

SNOW WATER AT START OF YEAR 2.060 7476.697 4.77
NOW WATER AT END OF YEAR 1.617 5868.675 3.74
ANNUAL WATER BUDGET BALANCE -0.0002 ~0.738 0.00
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ANNUAL TOTALS FOR YEAR 24

INCHES CU. FEET PERCENT
PRECTPTTATION 33.56 121822.836  100.00
RUNOFF ' 4.339 15751.293 12.93
EVAPOTRANSPIRATION 23.177 84132.805 69.06
DRAINAGE COLLECTED FROM LAYER 3 6.2773 22786.742 18.70
PERC./LEAKAGE THROUGH LAYER 5 | 0.000700 2.542 0.00
‘VG; HEAD ON TOP OF LAYER 4 0.0011
DRAINAGE COLLECTED FROM LAYER 10 4.47705 16227.842 13.32

PERC./LEAKAGE THROUGH LAYER 11 0.000551 2.001 0.00



AVG. HEAD ON TOP OF LAYER 11 0.4592

PERC./LEAKAGE THROUGH LAYER 13 0.000557 2.022 0.00

iVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.248278 901.250 0.74
DRAINAGE COLLECTED FROM LAYER 14 0.2488 903.274 .0.74
PERC./LEAKAGE THROUGH LAYER 16 0.000000 - 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE ~-4.705 -17078.162 -14.02
SOIL WATER AT START OF YEAR 1136.595 4125839.750

SOIL WATER AT END OF YEAR 1133.507 4114636.250

SNOW WATER AT START OF YEAR . ~1.617 5868.675 4.82
SNOW WATER AT END OF YEAR; 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0001 0.285 0.00
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ANNUAL TOTALS FOR YEAR 25

INCHES CU. FEET PERCENT
PRECTPTTATION C27.19  98699.695  100.00
RUNOFF : 0.896 3251.861 3.29
EVAPOTRANSPIRATION 23.327 84676.242 85.79
DRAINAGE COLLECTED FROM LAYER = 3 3.2689 11866.257 12.02
PERC./LEAKAGE THROUGH LAYER 5 0.000370 1.342 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0006
DRAINAGE COLLECTED FROM LAYER 10 4.3849 15917.333 16.13
PERC./LEAKAGE THROUGH LAYER 11 0.000540 1.961 0.00
AVG. HEAD ON TOP OF LAYER 11 0.4517
JERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.91



DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.91

?ERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001

CHANGE IN WATER STORAGE \ -4.687 -17013.473 -17.24
SOIL WATER AT START OF YEAR' 1133.507 - 4114630.250

SO1L WATER AT END OF YEAR 1127.015 4091065.500

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 1.805 6551.396 6.64
ANNUAL WATER BUDGET BALANCE -0.0001 -0.542 0.00
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ANNUAL TOTALS FOR YEAR 26

INCHES CU. FEET PERCENT
PRECTPITATION 32.03 116268:937  100.00
RUNOFF ' 3.339 12118.940 10.42
EVAPOTRANSPIRATION 26.003 94391.898 81.18
DRAINAGE COLLECTED FROM LAYER 3 2.8860 10476.013 9.01
PERC./LEAKAGE THROUGH LAYER 5 0.000323 1.171 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0005
DRAINAGE COLLECTED FROM LAYER 10 4.3345 15734.094 13.53
PERC./LEAKAGE THROUGH LAYER 11 0.000534 1.938 0.00
AVG. HEAD ON TOP OF LAYER 11 0.4467
PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362
SUBSURFACE INFLOW INTO LAYER 16 _ 0.247600 898.788 0.77
WRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.77
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00

AVG. HEAD ON TOP OF LAYER 15 0.0001



CHANGE IN WATER STORAGE : -4 .533 -16454.578 ~-14.15

SOIL WATER AT START OF YEAR 1127.015 4091065.500
JOIL WATER AT END OF YEAR : 1124.287 4081162 .250
SNOW WATER AT START OF YEAR 1.805> 6551.396 5.63
SNOW WATER AT END OF YEAR 0.000 _ 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0002 0.555 0.00
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ANNUAL TOTALS FOR YEAR 27

INCHES CU. FEET PERCENT
PRECTPTTATION 2631 195505.328  100.00
RUNOFF 2.777 10078.783 10.55
EVAPOTRANSPIRATION 19.146 69499.000 72.77
RAINAGE COLLECTED FROM LAYER 3 4.6279 16799.256 17.59
PERC./LEAKAGE THROUGH LAYER 5 0.000523 1.898 OIOO
AVG. HEAD ON TOP OF LAYER 4 0.0008
DRAINAGE COLLECTED FROM LAYER 10 4.2821 15543.880 16.28
PERC./LEAKAGE THROUGH LAYER 11 0.000527 1.915 0.00
AVG. HEAD ON TOP OF LAYER 11 | 0.4409
PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 | 0.2362
SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.94
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.94
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
‘AVG. HEAD.ON TOP OF LAYER 15 0.0001
CHANGE IN WATER STORAGE -4 .523 -16417.420 -17.19
kOIL WATER AT START OF YEAR 1124.287 4081162 .250
SOIL. WATER AT END OF YEAR 1119.764 4064744 .750

SNOW WATER AT START OF YEAR 0.000 0.000 0.00



SNOW WATER AT END OF YEAR 0.000 0.600 0.00

"ANNUAL WATER BUDGET BALANCE -0.0001 -0.195 0.00
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ANNUAL TOTALS FOR YEAR 28

INCHES CU. FEET PERCENT
PRECTPTTATION 27,72 100696.219  100.00
RUNOFF . 2.774 10070.005 10.00
EVAPOTRANSPIRATION 20.133 73083.227 72.58
DRAINAGE COLLECTED FROM LAYER 3 5.0442 18310.590 18.18
PERC./LEAKAGE THROUGH LAYER 5 0.000536 1.945 06.00
AVG. HEAD ON TOP OF LAYER 4 0.0009
DRAINAGE COLLECTED FROM LAYER 10 | 4.1786 15168.454 15.06
BERC./LEAKAGE THROUGH LAYER 11 0.000514 1.865 0.00
AVG. HEAD ON TOP OF LAYER 11 0.4283
PERC./LEAKAGE THROUGH LAYER 13 0.000557 2.022 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362
SUBSURFACE INFLOW INTO LAYER 16 0.248278 901.250 0.90
DRAINAGE COLLECTED FROM LAYER 14 V 0.2488 903.274 0.90
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001
CHANGE IN WATER STORAGE | -4.391 -15837.588 -15.83
SOIL, WATER AT START OF YEAR 1119.764 4064744.750
SOIL WATER AT END OF YEAR 1114.047 4043989.250
SNOW WATER AT START OF YEAR 0.000 0.000 0.00
“NCW WATER AT END OF YEAR 1.327 4817.929 4.78
ANNUAL WATER BUDGET BALANCE ~ -0.0001 -0.488 0.00
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ANNUAL TOTALS FOR YEAR 29

INCHES CU. FEET PERCENT
PRECTPTTATION 2879 104507.719  100.00
RUNOFF 1.771 6428.971 6.15
EVAPOTRANSPIRATION 20.773 75405.172 72.15
. DRAINAGE COLLECTED FROM LAYER 3 4.2962 15595.091 14.92
PERC./LEAKAGE THROUGH LAYER 5 0.000487 1.768 0.00
'AVG. HEAD ON TOP OF LAYER 4 0.0008
DRAINAGE COLLECTED FROM LAYER 10 ' 4.1327 15001.867 14.35
‘PERC./LEAKAGE THROUGH LAYER 11 0.000508 1.845 0.00
AVG. HEAD ON TOP OF LAYER 11 0.4256
PERC./LEAKAGE THROUGH LAYER 13 0.000555 2.01e6 0.00
VG. HEAD ON TOP OF LAYER 13 0.2362
SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 0.86
DRAINAGE COLLECTED FROM LAYER 14 0.2482 900.806 0.86
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF LAYER 15 0.0001
CHANGE IN WATER STORAGE -2.183 -7925.903 ~7.58
SOIL WATER AT START OF YEAR 1114.047 4043989.250
SOIL: WATER AT END OF YEAR 1111.920 4036271.000
SNOW WATER AT START OF YEAR . 1.327 4817.929 4.61 .
SNOW WATER AT END OF YEAR 1.270 4610.207 4.41
ANNUAL WATER BUDGET BALANCE 0.0001 0.498 0.00
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ANNUAL TOTALS FOR YEAR 30



INCHES CU. FEET PERCENT

PRECIPITATION 22.90 83126.992 100.00
{UNOFF 2.339 8490.116 10.21
EVAPOTRANSPIRATION | 21.789 - 79093 .164 95.15
DRAINAGE COLLECTED FROM LAYER 3 2.8308 10275.635 12.36
PERC./LEAKAGE THROUGH LAYER 5 0.000315 1.144 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0005

DRAINAGE COLLECTED FROM LAYER 10 4.0766 14798 .027 17.80
PERC./LEAKAGE THROUGH LAYER 11 0.000501 1.819 0.00
AVG. HEAD ON TOP OF LAYER 11 0.4200

PERC./LEAKAGE THROUGH LAYER 13 0.000555 , 2.016 0.00
AVG. HEAD ON TOP OF LAYER 13 0.2362

SUBSURFACE INFLOW INTO LAYER 16 0.247600 898.788 1.08
DRAINAGE COLLECTED FROM LAYER 14 | 0.2482 900.806 1.08
PERC./LEAKAGE THROUGH LAYER 16 0.000000 0.000 0.00
AVG. HEAD ON TOP OF IAYER 15 0.0001

CHANGE IN WATER STORAGE -8.136 ~29532.232 -35.53
SOTL WATER AT START OF YEAR 1111.920 4036271.000

SOIL WATER AT END OF YEAR 1104.738 4010200.500

SNOW WATER AT START OF YEAR 1.270 4610.207  5.55
SNOW WATER AT END OF YEAR | 0.316 1148.660 1.38

ANNUAL WATER BUDGET BALANCE 0.0001 0.264 0.00
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30



TOTALS 1.47 1.46

3.43 3.42
STD. DEVIATIONS 0.68 0.71
1.83 1.76
RUNOFF
TOTALS 0.126 0.593
0.014 0.009
STD. DEVIATIONS 0.279 0.550
0.051 0.027
EVAPOTRANSPIRATION
TOTALS 0.544 0.466
3.485 3.228
STD. DEVIATIONS 0.111 0.081
1.706 1.610

ILATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.0934 0.0020

STD. DEVIATIONS 0.2156 0.0109

TOTALS 0.0000 0.0000
0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000

0.0001 0.0000

LATERAIL DRAINAGE COLLECTED FROM LAYER 10

TOTALS 0.4525 0.4246

STD. DEVIATIONS 0.0838 0.0966

"TOTALS 0.0001 0.0001
0.0001 0.0001

STD. DEVIATIONS 0.0000 0.0000
0.0000 0.00600

TOTALS 0.00600 0.0000
0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000

o O

o

.39
.11

.18
.76

.347
.003

.246
.017

.830
.403

.434
.090

.7395
.0566

.8094
.1590

.0001
.0000

.0001
.0000

.4581
.4438

.0815
.0858

.0001
.0001

.0000
.0000

.0000
.0000

.0000

.26
.19

.52
.22

.190
.000

.405
.001

.962
.278

.684
.310

.9245
.1693

.9997
.4077

. 0002
.0000

.0001
.0000

.4374
.4515

.0825
.0760

.0001
.0001

.0000
.0000

.0000
.0000

.0000

1.65
1.06

0.004
0.000

0.020
0.001

3.902
0.937

0.984:
0.215

0.7208
0.4760

0.7793
0.8422

0.0001
0.0001

0.0001
0.0001

]

0.42407

0.0871
0.0872

0.0001
0.0001

0.0000
0.0000

.0000
.0000

[@Ne]

0.0000

.22
.22

.14
.97

.018
.077

.074
.163

.493
.598

.478
.157

.1486
.5897

.2544
.5806

.0000
.0001

.0000
.0001

.4400
.4599

.0753
.0858

.0001
.0001

.0000
.0000

.0000
.0000

.0000



0.0000 0.0000 0.0000 0.06000 0.0000 0.0000

SUBSURFACE INFLOW INTO LAYER 16

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.00600 0.0000 0.0000 0.0000 0.0000

LATERAL DRAINAGE COLLECTED FROM LAYER 14

TOTALS -0.0211 0.0192 0.0211 0.0204 0.0211 0.0204
0.0211 0.0211 0.0204 0.0211 0.0264 0.0211

STD. DEVIATIONS

[ ]
o
o
o
(@}
(@)
o
(@)
o
w
(@)

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

TOTALS 0.0000 0.00600 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 .0000 0.0000 0.0000 0.0000 0.0000

.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES 0.0002 0.0000 0.0016 0.0042 0.0015 0.06003
0.0004 0.0001 0.0001 0.0004 0.0010 0.0012

STD. DEVIATIONS 0.0005 0.0600 0.0017 0.06022 0.001s6 0.0006
0.0013 0.0002 0.0003 0.0009 0.0018 0.0012

AVERAGES 0.5489 0.5656 0.5557 0.5482 0.5610 0.5515
0.5412 0.5407 0.5562 0.5476 0.5524 0.5578

STD. DEVIATIONS 0.1017 0.1289 0.0988 0.1034 0.1057 0.0943
0.0909 0.1008 0.1076 0.0921 0.1093 0.1041

AVERAGES 0.2362 0.2362 0.2362 0.2362 0.2362 0.2362
’ 0.2362 0.2362 0.2362 0.2362 0.2362 0.2362
STD. DEVIATIONS 0.0002  0.0002 0.0002 0.0002 0.0002 0.0002

0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

AVERAGES 0.0001 0.0001 0.0001 0.0001 0.0001 .0001
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

(]

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

(@]
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS

1 THROUGH

PRECIPITATION
RUNOFF
EVAPOTRANSPIRATION

LATERAL: DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
ILAYER 5

AVERAGE HEAD ON TOP
OF LAYER 4

LATERAL: DRAINAGE COLLECTED
FROM LAYER 10

RCOLATION/LEAKAGE THROUGH
TAYER 11

AVERAGE HEAD ON TOP
OF LAYER 11

PERCOLATION/LEAKAGE THROUGH
LAYER 13

AVERAGE HEAD ON TOP
OF LAYER 13

SUBSURFACE INFLOW INTO
LAYER 16

LATERAL DRAINAGE COLLECTED
FROM LAYER 14

PERCOLATION/LEAKAGE THROUGH
LAYER 16

AVERAGE HEAD ON TOP
OF LAYER 15

CHANGE IN WATER STORAGE

25.127 (

5.14525 (
0.00058 (
0.001 ¢
53]
0.00067 (

0.552 (

o

.00056 (

0.236 {

0.24760

0.24831 (

0.00000 (

0.000 (

-5.421 (

1

.82591)

.00020)

.000)

.93602)

.00013)

.097)

.00000)

.000)

.00024)

.00000)

.000)

.54009)

118325.9
8645.66
91211.53

18677.254

2.090

19467.072

2.435

2.018

898.788

901.382

0.000

-19677.65

77.085

15.78458

1 0.00177

16.45208

0.00206

0.00171

0.75959

0.76178

0.00000

-16.630
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 30
o anemes) (cu. FT.)
PRECIPITATION a0 14846.700
RUNOFF 1.479 5368.5151
DRAINAGE COLLECTED FROM LAYER 3 0.64158 2328.93848
PERCOLATION/LEAKAGE THROUGH LAYER 5  0.000058 0.21054
AVERAGE HEAD ON TOP OF LAYER 4 0.042
MAXIMUM HEAD ON TOP OF LAYER 4 0.134
LOCATION OF MAXIMUM HEAD IN LAYER 3
(DISTANCE FROM DRAIN) 0.0 FEET
DRAINAGE COLLECTED FROM LAYER 10 [0 052361 190.04968
'PERCOLATION/LEAKAGE THROUGH LAYER 11 0.000008  0.02869
AVERAGE HEAD ON TOP OF LAYER 11 1.969
MAXIMUM HEAD ON TOP OF LAYER 11 Lf;igil

LOCATION OF MAXIMUM HEAD IN LAYER 10

(DISTANCE FROM DRAIN) 23.3 FEET
PERCOLATION/LEAKAGE THROUGH LAYER 13 0.000002 0.00552
AVERAGE HEAD ON TOP OF LAYER 13 0.236 |
DRAINAGE COLLECTED FROM LAYER 14 0.00068 2.46796
PERCOLATION/LEAKAGE THROUGH LAYER 16 0.000000 0.00000
AVERAGE HEAD ON TOP OF LAYER 15 0.000
MAXIMUM HEAD ON TOP OF LAYER 15 ' 0.004
LOCATION OF MAXIMUM HEAD IN LAYER 14

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 4.86 17645.5430
.MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4284
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1236

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

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas



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

FINAL WATER STORAGE AT END OF YEAR 30

LAYER (INCHES) (VOL/VOL)
1 1.8237 o.1520
2 5.7190 0.2383
3 0.0020 0.0100
4 0.0000 0.0000
5 5.1240 0.4270
6 3.7200 0.3100
7 38.8944 0.2920
8 3.7200 0.3100
9 1029.1211 0.6126
10 0.7056 0.0588
11 0.0000 1 0.0000
12 0.1806 0.7646
13 0.0000 0.0000
14 0.0020 0.0100
15 0.0000 0.0000
16 15.3720 0.4270

SNOW WATER 0.316

» **********'k******.*****************************************************‘********
**************,****************************************************************
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*j‘ . * %

. * %
* HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE * %
* % ) HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) * %
* %k DEVELOPED BY ENVIRONMENTAL LABORATORY * %
* %k USAE WATERWAYS EXPERIMENT STATION * %
* % FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ¥ %
* % * %
* % * %
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PRECIPITATION DATA FILE: D:\tsca\PRECIP.D4
TEMPERATURE DATA FILE: D:\tsca\TEMP.D7
SOLAR RADIATION DATA FILE: D:\tsca\SOLAR.D13
EVAPOTRANSPIRATION DATA: D:\tsca\EVAP C.D11
SOIL AND DESIGN DATA FILE: D:\tsca\SOILC100.D10
OUTPUT DATA FILE: D:\tsca\CLINC100.0UT
TIME: 11:14 DATE: 10/ 9/2007
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TITLE: CLINTON LF. NO.3 CHEMICAL WASTE UNIT (CLOSURE 31-131 YRS)
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS = 12.00 INCHES
POROSITY = 0.4630 VOL/VOL

FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1520 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC

NOTE: = SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.90
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL, TEXTURE NUMBER 9

THICKNESS = 24 .00 INCHES

POROSITY = 0.5010 VOL/VOL
FIELD CAPACITY = 0.2840 VOL/VOL
WILTING POINT = 0.1350 VOL/VOL

0.2383 VOL/VOL
0.190000006000E-03 CM/SEC

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

Il

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 25.00 PERCENT
DRAINAGE LENGTH = 875.0 FEET

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.04 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY 0.0000 VOL/VOL
WILTING POINT 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS 10.00 HOLES/ACRE
FML, PLACEMENT QUALITY = 4 - POOR

Il

It

il

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 0

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

WILTING POINT = 0.3670 VOL/VOL



INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL
- EFFECTIVE SAT. HYD. COND. 0.999999975000E-05 CM/SEC

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 11

- THICKNESS = 12.00 INCHES
POROSITY = 0.4640 VOL/VOL
FIELD CAPACITY = 0.3100 VOL/VOL
WILTING POINT = 0.1870 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.639999998000E-04 CM/SEC
LAYER 7

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS = 133.20 INCHES
POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL

0.0770 VOL/VOL
0.2920 VOL/VOL
0.100000005000E-02 CM/SEC

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

1l

1l

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 11

THICKNESS = 12.00 INCHES
POROSITY = 0.4640 VOL/VOL

FIELD CAPACITY 0.3100 VOL/VOL
WILTING POINT 0.1870 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3100 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.639999998000E-04 CM/SEC

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 1680.00 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.8000 VOL/VOL

WILTING POINT = 0.1350 VOL/VOL



INITIAL SOIL WATER CONTENT 0.6126 VOL/VOL .
EFFECTIVE SAT. HYD. COND. = 0.190000006000E-03 CM/SEC

il

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 12.060 INCHES

POROSITY = 0.4170 VOL/VOL

FIELD CAPACITY = 0.0450 VOL/VOL

WILTING POINT = 0.0180 VOL/VOL.

INITIAL SOIL WATER CONTENT = 0.0588 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.299999993000E-01 CM/SEC
LAYER 11

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.06 INCHES
POROSITY 0.0000 VOL/VOL
FIELD CAPACITY 0.0000 VOL/VOL
WILTING POINT 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS 10.00 HOLES/ACRE
FML PLACEMENT QUALITY = 4 - POOR

I

Il

Il

Il

Il

- LAYER 12

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 17

THICKNESS = 0.24 INCHES

POROSITY = 0.7500 VOL/VOL

FIELD CAPACITY = 0.7470 VOL/VOL

WILTING POINT = 0.4000 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC
LAYER 13

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS ) = 0.06 INCHES



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

POROSITY =
FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

It I
[N o]

il

FML, PINHOLE DENSITY = 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 10.00 HOLES/ACRE
FML PLACEMENT QUALITY = 4 - POOR

LAYER 14

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL: TEXTURE NUMBER 20

THICKNESS . = 0.20 INCHES

POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL

I

0.0100 VOL/VOL
10.0000000000 CM/SEC

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

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
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 10.00 HOLES/ACRE
FML PLACEMENT QUALITY = 4 - POOR
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LAYER 16

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
SUBSURFACE INFLOW = 0.25 INCHES/YR



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 8 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 25.%
AND A SLOPE LENGTH OF 875. FEET.

SCS RUNOFF CURVE NUMBER = 72.60

FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
~ AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES

EVAPORATIVE ZONE DEPTH = 20.0 INCHES

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INTITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

Il
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.730 INCHES
.564 INCHES
.472 INCHES
.000 INCHES
428 INCHES
428 INCHES
0.25 INCHES/YEAR
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EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

Lincoln Illinois
STATION LATITUDE = 40.10 DEGREES
MAXIMUM LEAF AREA INDEX = 4.00
START. OF GROWING SEASON (JULIAN DATE) = 117
END OF GROWING SEASON (JULIAN DATE) = 290
EVAPORATIVE ZONE DEPTH ' = 20.0 INCHES
AVERAGE ANNUAL WIND SPEED = 10.30 MPH

AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 71.00

AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 65.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CHICAGO ILLINOIS

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
1.60 1.31 2.59 3.66 3.15 4.08
3.63 3.53 3.35 2.28 2.06 2.10

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CHICAGO ILLINOIS

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)



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

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CHICAGO ILLINOIS
AND STATION LATITUDE = 40.10 DEGREES

*-{c*****************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH. 100

TOTALS 1.51 1.36 2.62  3.62 3.12 4.39
4.02 3.61 3.26 2.35 2.23 2.07
STD. DEVIATIONS 0.65 0.69 1.12 1.58 1.43 2.05
: 1.99 1.85 1.76 1.34 1.21 1.03
RUNOFF
TOTALS 0.136 0.507 1.484 0.460 .0.001 0.017
0.019 0.018 0.003 0.002 ©0.001 0.135
STD. DEVIATIONS 0.338 0.515 1.308 0.874 0.011 0.061
0.065 0.083 0.013 0.010 0.005 0.364
EVAPOTRANSPIRATION
TOTALS 0.538 0.450 0.763 2.908 3.754 4.674
3.971 3.515 2.359 1.287 0.898 0.583
STD. DEVIATIONS 0.116 0.103 0.452 0.764 1.016 1.383
1.617 1.544 0.984 0.256 0.197 0.162

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.1179 0.0006 0.6174. 2.0621 0.7699 0.1975
0.1551 0.1038 0.1246 0.2859 0.5208 0.6603

STD. DEVIATIONS ‘ 0.2168 0.0060 0.8667 1.0588 .6937 0.3784
0.4433 0.3553 0.4560 0.7458 0.7742 0.7173

o

TOTALS 0.0000 0.0000 0.0001 0.0002
0.0000 0.0000 0.0000 0.0000

.0001 0.0000
.0001 0.0001
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STD. DEVIATIONS 0.0000 0.0000 0.0001 0.0001 0.0001 0.0000
0.0000 0.0000 0.0000 0.0001 0.0001. 0.0001

‘)ERCOLATION/LEAKAGE THROUGH LAYER 11

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 ~-0.0000 0.0000 0.0000

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.06000
.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000

0.0000 0.0000 .0000 0.0000 0.0000  0.0000

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

TOTALS 0.0000 0.0000 0.0000 0.0000 0.06000 0.0000
0.0000 0.6000 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 0.0002 0.0000 0.0013 0.0045 0.0016 0.0004
0.0003 0.0002 0.0003 0.0006 0.0011 0.0014

STD. DEVIATIONS 0.0005 0.0000 0.0018 0.0023 0.0015 0.0008
0.0009 0.0008 0.0010 0.0016 0.0017 0.0015

AVERAGES 0.3859 0.3858 0.3857 0.3857 0.3856 0.3855
0.3855 0.3854 0.3853 0.3852 0.3851 0.3850
STD. DEVIATIONS 0.0300 0.0300 0.0299 0.0299 0.0298 0.0298
0.0297 0.0297 0.0297 0.0296 0.0296 0.0296

AVERAGES 0.1605 0.1604 .1603 0.1602 0.1602 0.1601
0.1600 0.1599 0.1598 0.1597 0.1596 0.1595

(@]



STD. DEVIATIONS 0.0318
0.0314

DAILY AVERAGE HEAD ON TOP OF LAYER 15

AVERAGES 0.
0
STD. DEVIATIONS 0.
0

0.0318
0.0314

0.0317
0.0313

0.1986
0.2000

0.0140
0.0000

o O

0

.0316
.0313

.1988
.2000

0.0115
0.

0000

0.0316
0.0312

0.1991
0.2000

0.0090
0.0000

0.0315
0.0311

0.1993
0.2000

0.0066
0.0000
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS

1 THROUGH

100

PRECIPITATION
- RUNOFF
EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
. FROM LAYER 3

. SRCOLATION/LEAKAGE THROUGH
LAYER 5

AVERAGE HEAD ON TOP
OF LAYER 4

PERCOLATION/LEAKAGE THROUGH
LAYER 11

AVERAGE HEAD ON TOP
OF LAYER 11

PERCOLATION/LEAKAGE THROUGH
LAYER 13

AVERAGE HEAD ON TOP
OF LAYER 13

SUBSURFACE INFLOW INTO
LAYER 16

.PERCOLATION/LEAKAGE THROUGH
LAYER 16

T"YERAGE HEAD ON TOP
OF LAYER 15

CHANGE IN WATER STORAGE

5.61599

0.00063

0.001 (

0.00046

0.385 (

0.00046

0.160 (

0.00000 "

0.00000

0.199 (

0.294

(

1

5.545)
.6894)
.5726)

.38234)
.00626)
.000)
.00004)
.030)
.00004)

.031)

.00000)
.007).

.7761)

10105

193290.

20386.

1066.

123948.

.48

58

039

.270

.666

.678

.000

.000

61

16.44713

0.00183

0.00134

0.00135

0.00000

0.000600

0.861
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PEAK DAILY VALUES EOR YEARS 1 THROUGH 100
T (nemEs) (cu. BT
PRECIPITATION | | 464 16843.199
RUNOFF v 2.044 7419.4551
DRAINAGE COLLECTED FROM LAYER 3 0.72682 2638.33862
PERCOLATION/LEAKAGE THROUGH LAYER 5 '0.000063 0.23039

~AVERAGE HEAD ON TOP OF LAYER 4 0.048
MAXIMUM HEAD ON TOP OF LAYER 4 0.176,
LOCATION Of MAXIMUM HEAD IN LAYER 3 ‘ ‘

(DISTANCE FROM DRAIN) 0.0 FEET
PERCOLATION/LEAKAGE THROUGH LAYER 11 0.000001 0.00529
AVERAGE HEAD ON TOP OF LAYER 11 lO.445I
PERCOLATION/LEAKAGE THROUGH LAYER 13V 0.000002 6.00552
AVERAGE HEAD ON TOP OF LAYER 13 0.236 |
PERCOLATION/LEAKAGE THROUGH LAYER 16 0.000000 0.00000
AVERAGE HEAD ON TOP OF LAYER 15 0.200
SNOW WATER | 7.00 25420.0430
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4350
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1236

**%% Maximum heads are éomputed using McEnroe's equations. **%

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 100

LAYER (INCHES) (VOL/VOL)
1  5.0548 0.4212
2 7.0196 0.2925
3 0.0020 0.0100
4 0.0000 0.0000
5 5.1240 0.4270
6 3.7200 0.3100
7 38.8944 0.2920
8 3.7200 0.3100
9 1029.2184 0.6126
10 | 0.6719 0.0560
11 | 0.0000 0.0000
12 0.1768 0.7486
13 0.0000 0.0000
14 24.8375 124.1876
15 0.0000 0.0000
16 15.3720 0.4270

SNOW WATER 0.000
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