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USER EVALUATION FORM

Mail to: Daniel Greathouse
Risk Reduction Engineering Laboratory
U.S. Environmental Protection Agency
26 W. Martin Luther King Dr.
. Cincinnati, OH 45268

We hope that you've enjoyed using FLEX and would appreciate

if you would take a few minutes to fill out and return this

evaluation form. Your specific responses will help us refine
and improve the system.

What kind of problems did you have, if any, in instaliing the systeﬁ?

Did you experience difficulties in using the system? If so, what were
they and . under whatACchumstances did they occur? ‘

wvre,the»cnscreen ‘directions. clear and accurate? . If not “"where
specifically could they be lmproved’ :

1

Were you able to print out your work without" dlfflculty° If;not what”f‘
kinds of problems did you experience? :

3

Please write any additional comments:

Name

Organization___

Street

city - State . Zip_

Phone . ' Date




DISCLAIMER

The system described herein. was dcvelopcd under contract for the United States

Environmental Protection Agency. A review of this system by the Agency has yet to be

i1

completed. Information obtained through the use of this system should not be presumed,” .
to represent. U.S. EPA .policy and no ofﬁcxal endorsement should be inferred. This system

is not a. substitute for review of EPA Method 9090 data or RCRA Part B applications by
authorized regulatory personnel. sa .




iii :
TECHNICAL SUPPORT |

If you encounter a-problem in using FLEX, version 3.0, we suggest that you first review the

relevant part of this user’s guide. If after doing so, you continue to have difficulty, please = .

- contact Expert System Software Support:

Daniel Greathouse
Risk Reduction Engineering Laboratory
U.S. Environmental Protection Agency
26 W Martin Luther King Dr.
Cincinnati, OH 45268
(513) 569-788S or FTS 684-7885

When you. call, be prepared to describe the specific system operation and the history of -
© responses to-the system during the run which led to the problem experienced.
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1.0 INTRODUCTION
1.1' EPA Method 9090 and FLEX"

FLEX. short for Flexible Liner Evaluation eXpert, is a computer program that assists i -
the interpretation of data from EPA Method 9090 tests. The U.S. Envirorimental Protection
Agency uses Method 9090 as the standard test for determining the chemical compatibility
of flexible membrane liners used in solid waste containment applications. In testing Method

9090, a portion of the liner is immersed in actual or synthesized leachate for 120 days. The

leachate’s composition is representative of the chemical composition which the limer is |
expected to encounter in the containment application. Various physical properties are !
measured prior to immersion and at 30 day intervals throughout the 120 day immersion °
period. Changes and trends in the data are then analyzed to determine whether the :
leachate has interacted with the liner in any way that could compromise the liner’s integrity
as a containment barrier. For example, if the analysis identifies an increase in the weight .

of a sample after immersion, this could indicate that leachate has been absorbed by the -
liner, rendering the liner unfit for the proposed installation. -

The FLEX system (see Figure 1-1 for FLEX flowchart) uses artificial intelligence techniques
to analyze selected EPA Method 90960 test results: The program’s design enables the system
to:quickly run the 9090.test data through a large number of rules. representing.conveational |
- liner standards. It then generates a report detailing data omissions, inconsistencies, and any
-indications: that the liner may be: unsuitable for ‘containment. of the test leachate or a

chemically similar substance. This system can analyze data for three common flexible

membrane liner materials: ~ ' o

* High Density Polyethylene (HDPE) |
* Polyvinyl Chioride (PVC) |
“ * Reinforced Chlorosulfonated Polyethylene (CSPE-R)

The FLEX system is designed to run on an IBM PC AT or compatible eémputer. "Opﬁon L

menus” and on-screen instructions are displayed at mrning points throughout the program, l

guiding the user every step of the way (please refer to 6.0 Sample Flex Session far screen

representations). These "Option menus” present sets of available procedures that can be

selected directly from the menu screen. Each menu. screen provides instructions detailing
the available options and the keystrokes required to execute’them. Only a basic familiarity .
with the computer keyboard is needed to run the program. The operator shouid, however, :

have an understanding of EPA Method 9090 test procedures. - :

The' FLEX system is a useful tool for reviewing EPA Method 9090 test results. It should

be noted that the program is designed to provide assistance to those responsible for .
evaluating Method 9090 test results. Under no circumstances should the recommendations
of FLEX be considered absolute; especially in the case that the system finds no problems = -
with the test results. FLEX is not a substitute for a review of the test results by a human -
professional. Rather, FLEX is a screening tool geared for use by those familiar with flexible

membrane liner testing and EPA Method 9090. The system can rapidly scam data sets and |
pinpoint inconsistencies in the test data and test resuits which suggest that the liner is

*



'FLEX FLOW CHART

with LINER PARAMETERS

DISCUNMEN ~> Fraes any oy
-
- MANMEND )
DATA ENTRY - ANALYSIS L FILE MANAGEMENT
Calegory . Category ol . Calegory .
e o A e A R , R
!.G.nu..Muz. gmﬁ?.ﬁ.g_ @?«ME; _ﬁn.,ﬂﬂ.aua SAVE & DATA 8€T Qi..“adalﬂ: ﬂiﬁﬂﬂd&a Ba.ﬂs:ag oxy
e ] ] , il I ! ]
3 | reromeniECTOd  [BRECT TOGTRE
= PELECT EPASE UNBAVED
i | P B - O i ) Pt B O I et
HPDE * PVC + COPER| | v & conaumon s :
H M f -
gﬁ MENU- i
BELECTION BCREEN, PRITEN
i or TEXTFRE .
| : it ™y width
_||_,_ B -l e ey
ctoees |@ sree @ Tyl : tonele ebwiigsh of yleld 16ne23 strengthh s braci Sreaking facter - fabric
ravsieren| | rapaneren PAPAMETEN Serrello strongth of breek slongesion st bresk Sronding tacher - esating
SELECTION SELECTION SELECTION slongesion of yleld Soar reeistance slengation at falrls brawk
. slongelicn st breek punciurs reslstance elengalion af eveting break
| e punchure redistwios misceliensous beske hydrostetis reslstance
modulus of elasticity masdmurn sirees
aarenon | | ecnon T eacCon miscelansous tese ply schesicn
| | | o
ENTER TERTOATA| [EiER TEST OATA EHTER TEST DAT ESCepe key returne to the previous ments from ey selection
P PAVMCTEN | | pw PRI LER | poc PARAMETER . .

. Figure 1-1



l;?f' 2
- substandard or inconﬁpan"blev with the expected waste compdsitioﬁ._, In addition,  the
corclusion report can be used as a supporting document in the decision process when the

. reviewer concurs with the rational proposed by the system. In these capacities, FLEX can
‘save time, reduce oversights, and enhance the consistency of Method 9090 test reviews.

12 Hardware Requirements
In order for the FLEX system to run on your computer, your machine inust‘ contain cefta.i:;
components and be configured properly. The following components are necessary in order
to run FLEX: - ‘ .

* An IBM Personal Computer AT or compatible

*A rmmmum of 640K bytes of RAM memory

* only 1.2m disk drive -

* DOS version 3.0 or higher A

* A fixed disk drive with at least. 1.5, mc‘gﬁbytes.,of..fre:.t space
- . * Optionally, a printer-configured as system-device  PRN- "

NOTE: Although your computer may have 640K bytes of ‘.memor);r,' memory resident
programs in the .CONFIG.SYS or the AUTOEXEC.BAT files may use some of this
memory. The FLEX installation program alerts you if insufficient free. memory is. present.
to start the system. ‘ } 8
13 Contents of the FLEX System

I addition to this manual, the FLEX system includes one double sided, high density 5 1/4" R
diskette. This FLEX System Disk should contain the files: | : .

The three .FLX files are sample files which are representative of the three liner types which
are analyzed by the FLEX system - HDPE, PVC, and CSPE-R. Section 6.0 SAMPLE FLEX
SIESSION ‘in this manual examines the "SAMPLEH.FLX" data set. ' :




1.4 Installing the System |
Before FLEX can be installed on.a.personal computer system, the system must have the -
necessary configuration to support the program. See section 1.2 Hardware Requirements,

for a list of the necessary system components. If all of the listed components .are present, . |

you are ready to install FLEX. Simply place the FLEX System Disk in the' A: diskette
drive. At the DOS prompt type. . As INSTALL then press the Enter key. At this point
the installation routine will ask for a disk drive on which to: install the system. The user
should specify the identifying letter of the disk where FLEX is to reside. The default (c:)
is specified simply by pressing Enter. The installation program will now create a
subdirectory to store the FLEX program code. The default subdirectory is \PLEX. The
default can be accepted simply by pressing Enter or the user may type an alternarive. If you
already have a version of FLEX installed on the machine, you may receive the message
Unable to create directory. Thisisinota problcm but signifies that the copy of the
program on the fixed disk is being replaced by the version on the installation floppy. When
the installation program terminates, you are ready to run FLEX. Type FLEX then press
Entor to run. the system.

1.5 Starting the Program

To start a FLEX session, the subdu'cctory that contains the FLEX files must be the current
directory. The current:directory:is:set-by: the, DOS*CDcommand;’ The FEEX:irstallation
routine places a batch file, FLEX.BAT, in the root directory of fixed disk C: which makes
the FLEX directory current and initiates the program. Thus, if C2\ is in the search path,
FLEX can be run from any directory simply by typing PLEX at the DOS prompt. This
method of starting the system should work on most computers. If it does not, use the
following sequence of commands to start the program:

c: . (press Enter) - Selects the hard dxsk, C:
CD \PLEX (press Enter) - Selects the FLEX directory
TLEX (press Enter) — Starts runmng FLEX

This sequence of commands assumes that the defaults were accepted when the FLEX was
installed. If the program was installed on a[dlsk other than C: or in a directory other then
\FLEX, substitute these parameters for the ones shown in command line one and two
above. For more information on directories, the search path, and entermg DOS: commands,
see the MS-DOS user’s manual that came wn.h your computer

\
1.6 Introductory Screens

Once FLEX is started, the program xmmedxately presents its first screen. A brief disclaimer
appears. Pressing any key clears the disclaimer and produces a FLEX logo screen. This loge
screen is automatically replaced after appronmately three seconds or you can continue
immediately to the first menu screen by pressing any key.




2.0 RUNNING. THE, SYSTEM .
2.1 The Menuing System |

Most of the information that the system:needs from-the user is input through the use of
menus and data sheets. A menu is a list of choices, any one of which may be highlighted and
selected, to perform a specific system function. When the first menu appears on the screen:
(the MAIN MENU), the first option listed is displayed in reverse video (dark letters on a
white background). In order to select or highlight a different item, the arrow keys must be
used. The right and down arrow keys move the "selector box" to the next lower item in the
list. The left and up arrow keys move the "selector box” to the previous item in the list.
When the desired item is selected or highlighted, press the Enter key to execute that option.
As a general rule, the ENTER key enables you ADVANCE in the program and the EsCape
key enables you to RETURN to the previous FLEX screen. : ‘ '

NOTE: On many keyboards, the arrow keys are shared with numbers on a special keypad. -

If no response is generated when the arrow keys are pressed, it may be that the NUM "

LOCK. is on. NUM LOCK works like CAPS LOCK - it selects between two different

-interpretations of the same key. If NUM LOCK is on, the arrow keys are being interpreted -
- ay’ numefic digits' rather thancursor directior keys. Simply press the NUM LOCK key to

turn off this. function and the.selector.block.should:now.operate properly.. . ... :

2.2 The MAIN MENU _ - |
The FLEX flow chart, Figure 1-1, illustrates. the. central role of the MAIN' MENU m the

program’s. organization.. The: MAIN MENU and. all of the program’s. screens include.on~-~ - |

screen information. The top of the MAIN MENU screen (see Figure 2-1), for instance,’
displays the version number of this installation and the Laboratory (RREL) and location
(Cincinnati) where FLEX was developed. The bottom of the screen displays the easy-to-
follow INSTRUCTIONS box (what to do at any given screen - CENTER), the current
directory: that FLEX is using (please refer to 5.4 The Change current drive Option
and 5.5 The Change current directory Option - LEFT) and Current data set: .
information (the file you are using - RIGHT). Once a session or data set has been saved
and reloaded, the MAIN MENU. will display the liner type and thickness, the.liners
immersion temperature, and the name of the current data set or saved name. '

The: MAIN MENU is the program’s central module from which all major commands are
accessed in any order. This first functional screen presents eight commands which can be

organized into three categories: DATA ENTRY, ANALYSIS, and FILE MANAGEMENT.
Each of these categories within the MAIN MENU will be discussed in depth in forthcoming
chapters in this user’s guide. | :

" The DATA ENTRY category includes the Enter general information and
Enter EPA Method 3090 test data options. The first option, Enter general.
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information. allows you to enter genc%ra.l information into FLEX (iLe. name, date,
sitename, etc.) which will appear in the Summary Report. The second option, Bater EPX
9050 tast data, allows you to0 select a liner material type, immersion test temperature,
liner thickness, and then presents a PARAMETER MENU which contains a listing of all
the characteristics of the flexible membrane liner that FLEX is programmed to analyze.
After selecting a parameter and unit measurement, FLEX displays a data sheet in which the -
test data can be entered. For a detailed exptanation of this command category refer to 3.0
DATA ENTRY. . - : ‘

ML ADVISCR, Versien 3.0 RREL, USEPA ) Cincinnati, Chio

MAIN MENU
: Erter general information
Enter EPA Method 9050 test data,
Analyze datai&gemterm
load an-existing daca sst
Save a data set
Cange aurent drive
Ciange arent di
- * Remove a data sat from meeory
- Delete a data set file from disk
'ETT ¢

INSTRUCTIONS

Uscttu@rrwhaystohi,ghlight the desired fumcticn.

Press Enter to executs the furction. '
Sd-c:m‘tommms.

Fig\ire 2-1

The ANALYSIS category contains the Analyze data & generate raport option,
which’ when selected, will instruct FLEX to test the input data and generate a summary
. report. After selecting this command, the user. has the option to select the type of
information they would like to generate (input information, conclusion information, or both)
and the type of output they would prefer (screen, printer, or textfile). Please refer-to.4.0.
ANALYSIS for further information. @~ =

The FILE MANAGEMENT category includes the remaining commands from the MAIN

MENU: Load an existing data set, Save or Crsate & data set,
Change current drive, Change cur":ent directory, Remova a data set

from memory, Delate a data set file in DOS, and Exit. These commands give
you the flexibility to manage files or data sets more efficiently, especially when these files
begin to muitiply. For further information on these commands or options, please refer to
5.0 FILE MANAGEMENT. B . ‘




3.0 DATA ENTRY
3.1 Enter Generﬁ} Information -

While the main intent of this system is to generate a comprehensive analysis of the three-
FML liner's provided by FLEX, the Enter general information .optionis a valuable
way to store all the additional information-needed to produce a well-rounded analysis report
-~ with FLEX. It is strongly suggested that the Enter general information option be
used as the {irst option when beginning a session with FLEX, uniess you intend to specify
a drive and directory for your FLEX data set storage (please refer to 5.4 The Change
current drive Option and 5.5 The Change current directory Option), in which case you
would immediately follow-up with this option. After selecting this option, a screen will
appear with the following information to respond to: * o

Enter your name in the space provided:
Enter today's date in the space: provided:
Enter the sitename in the space provided:
Enter a project I.D. in the space provided:

EEE

- A:-blinking black cursor in a white box ("text box") will appear behind the first inquiry. You
. .are now ready to.type information into this box. Any type of text from the keyboard may be
- used- (i.e. symbols, upper or lower-case, numbers, etc.). Each "text box" or cell o page

(screen).l-and.2.has.a maximum space.of 29, characters.provided.. When you complete... - ..
typing your name into the first."text box”, press the. Enter key or. the’down-arrow. key to, .. . ..

advance to the second "text box™ and so-forth. If you do not desire-to enter information. for
a given inquiry simply skip over the "text box" by pressing the Enter key or the down-arrow.
key. If you want to edit a response to a "text box", use the backspace key or press the F1 -
key to delete it and re-type the new response. An INSTRUCTION box appears on the
bottom of this' screen-which-covers-ail these steps: When the Enter-key is pressed in-the " -
last "text box" of a screen, a new screen will appear with more general information to
respond to. The remaining screens within the Enter general information opton are
listed below: e

- Enter the name of the test laboratory:
Enter the date Method 5090 test began:
Enter the date Method 9090 test ended:
Enter liner volatiles content (percent):

- Enter liner extractables content (percent):
Enter liner specific gravity (ratio):

AR RN

Describe liner material in detail:
Describe the type of exposure tank material:
Describe leachate in detail: 1
Describe the frequency of leachate change:

» ¥
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Describe 2090 Metlhiod optiones that were not followed:
Describe J.nccrrectly periormed lab procedure.;
Describe flaws in lab. specimens:

Describe qualitative lab observances:

* % % ¥

Thc screen format is the same on all four pages with corresponding "text boxes" for each

inquiry and an INSTRUCTION box od the bottom of the screen. The same rules for
entering text, sklppmg‘a. text box", editing and deleting text, and moving among "textboxes”
apply, with one exception, pages 3&4 wﬂl now handle up to 77.characters. When all the
desired information has been entered for each inquiry and the Entet kcy is prcssed at the
last "text box" of the last page, FLEX w111 return to the MAIN MENU.

3.2 Enter EPA Method 9090 test data

As you can see from the FLEX flowchart, Figure 1-1, the Enter EPA Method 9090 test data
option is the second of the two DATA BNTRY options. This is where all pertinent lmcr type -
mformanon is collected (via MENUS) a.nd test results are entered.

After selecting this option, you will be asked to select from three common flexible
membrane liner materials from the ann SELECTION MENTU, they are:

% High Density Polyethylene (HDPE)
* Polywvinyl Chloride (PVC)
* Reinforced Chlorosulfonated Polyethylene (CSPE=-R)

Note: CSPE-R is alsof referred to as Reinforced _Hypalon.

Only one ﬂenblc membrane liner material may be selected with each FLEX session. After .
selecting the liner material, you will be prompted: by the Tcmpcramre Selection: Menu to-
select either Degrees Fahrenheit or Degrees Celsius for liner immersion test input. Once
a temperature unit is entered, FLEX will prompt you for the immersion test temperature
in the "text box" provided. A similar prompt will appear asking you to input the nominal
immersion test gauge thickness (in mils) and will also provide a “text. box" for this
information. After this is entered, the PARAMETER SELECTION MENU (see Figure 3-1)
appears and the information you have just entered ie., liner type / scrim type (CSPE-R
only) / thickness and temperature w/ degrees Fahrenheit or Celsius, appears on the left
and right upper portions of the screen.

3.2.1 The Parameter Selection Menu and Data Sheets

The PARAMETER SELECTIOM MENU contains a list of all the characteristics of the flexible -
membrane liner that FLEX is programmed to analyze. The Flex flowchart, Figure 1-1,
contains the parameter listings for each ﬂen"ble membrane liner: HDPE, PVC, and CSPE

R. Once one of the parameters from the PARAMETER SELECTION MENU is selected 2

UMIT SELECTION MENU, which contains unit measurements options and/or a:-: TEST
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DIRECTION MENU containing michine & frariSverse options ‘appears (please refer o'
Appendix A for specific parameter characteristics) and prompts you for a response. When.
this information is collected a data sheet is displayed for the parameter which was selected. -

!

ML ADVISCR, Version 3.0 RREL, USEPA Cincinnati, chio
Liner: HOPE (80 MILS) - Terperature: 23 DEGREES CEYSIUS
‘ PARAMETER SELECTION MENU .

width
lergth
thickness

mass
tansile strength at yield
tensile strength at break
elorgation at yield
elargation at break
tear resistances
pInctire resistance
mxulus of elasticity
miscellanecus tests

INSTRUCTIONS
Use the arrcw.keys:to highlight a parametsr. o

mmummmcmwmaum'mtm.

Qurrent-directory: Cy\FIEX s — O IrTROE (dAtA St nOnE: .

Figure 3-1

- Data sheets are special screens designed for easy input of Method 9090 test results. You |

' may enter data for the first time, or add and modify data in a partiaily filled data sheet. .
Data sets are made up of a collection of data sheets which may be loaded from the FLEX -
system files. Data sheets, like menus, interpret the keyboard arrow keys as instructions to '
move and highlight a desired cell. In data sheets, the white box or "text box" highlights the '

location or cell in which the test resuits will be entered. You select the appropriate cell on
. the test result data sheet with the arrow keys and type the value to be entered. The value

is echoed on the top line of the screen, labeled INPUT. When either the Enter key or an
artow. key is pressed, the-entry is terminated and the number is displayed in the cell. If the -
entry does not represent a positive number, the cell is not filled and the INPUT line is . _
replaced by the error message ILLEGAL ENTRY! PRESS F1 TO' CONTINUE. You must .
press the F1 key to return to data entry mode. Once this is done you can continue to enter

test data.

To change a figure existing in a data sheet, select the cell into which you want to insert the ?
new value. The INPUT line will appear blank, ready to accept a new value. Type the new ;
number and press Enter or an arrow key to fill the cell with the new value. If you want to |
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erase the contents of a cell without inserting a new value; select that cell and then press the
P1 key. When all values have been entered for a particular data sheet (the data sheet need
not be completely filled), press the ESCape key to return to the PARAMETER SELECTION
MENU . If no more parameters are desired, press ESCape again to return to the MAIN
MENT. f :
Space is provided on the sheet for five test replicas for each time period.. If, however, less
than five replications are.reported ot data for a certain.time.period.is: missing,.the-systém
will perform the analyses-to the best of its ability. NSF.recommends five. replicates, while
EPA recommends three replicates. If data for a.particular parameter is insufficient to run
one or more of the analyses, a message to this effect will be printed in the output report.
There is no way to include more data than can be contained on a single input sheet for any
parameter. . ‘

Ea
i en

There are two different formats for data shfects, Non-Destructive and Destructive:

FML ADVISCR, Versicn 3.0° . RREL, USEFA Cincinnati, chio
Liner: HDPE (80, MILS) m .. Temperature: 23 cELSTUS
Parameter: WIDIH. . = .. Unit: CENTIMETERS
INRUT: - . ‘ : X :

CNTRII [AYI0° CONIRIZ DAY-60° CONTRES: DAY-SO° CONTRZA DAY 120"

L
—

j 1
g’mn
S

A

TYPe & ard press

Use the arrow kays to mve betwveen calls. Pruss F1 to daleta a call. o

. Prass 710 to graph data. FPress 'to zetan to the parmmstsr selection meru.
Qs ¢ ‘ Qurent.data set: ncne.

|
|

Figure 3-2

Non-Destructive is used for the parameters width, length, thickness, and mass of a
liner sample (see Figure 3-2). This format has a control column (observed reference
sample values) and a test column (values from sample exposed to leachate} for each
of the four months of immersion. This assumes that a separate sample is used for
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each time period and that the dimensions are recorded both before ang after
immersion. At this point, pressing the P10 key will produce a graphic representation
‘of the percent change between the control sample and the test sample for each
column in the data sheet. : - -

FML ADVISCR, Versien 3.0 RREL, USEPA Cincinnati, Chic

Liner: HDFE (80 MILS) © Temperature: 23 DEGREES CEISIUS

Parameter: TENSIIE STRENGIH AT YIZID Unit: FOUNDS/INGH OF WIDTH

INFOT: _

MACHINE- ‘- COWNIROL DAY 30 [AY 60 DAY 90 - DAY 120

DIRECTICN - .
1) — — -_ — -_—
2) — - — _ R
3) . - — _— _— -_
4) — — e _— —_—
S} — — — — —

© O TYpe:a munber:ard press ‘Brter:to-£ill the hichlishtad:cell: ‘
Use the arrow Xkeys to move between cells., Press F1 to delete a cell.

Figure 3-3

Destructive is used with physical property tests ie., strengths, elongations, tear,
puncture, hydrostatic resistances, elasticities, and adhesions (see Figure 3-3). This -
format has a single control column and a test column for each of the four months of
immersion. The difference in formats is necessary because physical property tests are -
destructive and a sample can be measured only once. Changes in physical properties -
must be referenced to the average of control samples. Like the non-destructive
format above, the same capability to produce graphs is provided by pressing the ¥10
* . key. These graphs will be calculated by the actual values in the test data for each of

the parameter types listed above. ,
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4.0 ANALYSIS
4.1 Data Analysis and Report Generation

The Analyze Data and Gcnerato Report optxon of the MAIN MENU is used to -
perform an analysis of Method 9090 test results previously entered into parameter data-
sheets (see. section 3.3 for information on FLEX data sheets). The analysis subsystem
consists of two menus, a “"rule base”, and a data browser. When this option-is activated from
the MAIN MENTU, the system first chccks for‘data in the data sheets. If no results have been
_entered into any of the data sheets, no analys:s can be performed. The system d.lsplays a
message to this effect, and control is returned to the MAIN MENU. If, however, this option
" is selected and data has been entered, the REPORT. SELECTION MENU. and.the OUTPUT
SELECTION MENU appear respectively. The operation of these. menus. is:described: in. two
subsequent sections of this chapter. After the REPORT SELECTION optxon is made,:
FLEX begins to assemble the output report. General information is listed in the output
whenever it has been entered (please refer to 3.1 Enter General Information for description

of fields). Input data, conclusion text, or both are listed. as options in the output report
according to the choice made at the REPORT SELECTION MENU. Likewise, the destination

of the ourput report is-determined by the choice made at the OUTPUT SELECTION MENU.
As can be seen, the output report gencratcd by. the system can take a variety of forms
depending upon.user.preferences. specxﬁed via these two menus.

4.1.1. Report Selection Menu .

This menu allows the user to specxiy the type of ourput desired:

. output the input data
* output the- ccm::luaicvn
* Qutput input dmta & conclusion

"Input data” refers to the values within each parameter data sheet. These values are included
in the output report, if and only the. first or third option is chosen at the REPORT
SELECTION MENU. The "conclusion” refers to the collection of text that results from
applying the input data to the "rule base" (please refer to Section 4.2 Conclusion Generation .
* and the Rule Base, for an explanation of the function and operation of the FLEX system
rule bases). The conclusion text is included in the output, if and only the second or third
option is chosen at the REPORT SELECTION MENU.

Pressing Esc at the REPORT SELECTION MENU returns control to the MAIN MENT.

4.1.2 Output Selection Menu

This menu allows the user to specify the. destination of the output report. Available options
are: . - | o




* Display the 6utput rii:ort on the . screen
* Print the output repozrt on. system printer
* Save the ocutput report as a text file

The Display the output report on the screen option presents the output report” -
to the user on the computer video display. General information and. input data, if present.,
are displayed in the output window. The user is prompted to press a key in order to move
from one screen to the next. The output report is displayed in the data browser. The data
browser is a window which allows the user to scroll backward and forward through the -
output report using the up and down arrow keys or the PgUp (page up) and PgDn (page: -
down) keys. PgUp and PgDn scroll the text a full page in the specified direction. Pressing
Esc while in the browser will return you to the OUTPUT SELECTION MENT. :

The Print the output report on system printer option sends the conclusion
text to the system printer (DOS device PRN). If for some reason, the printer is not ready
“t0 accept information (not turned on, out of paper, etc.), the FLEX system will display an
error message and give the user a chance to correct the problem. Alternatively, the user .
may press Esc to cancel the print command and return to the GUTPUT SELECTION
MENU. | . ' ‘

‘The 8ave the .output report as a text file option allows the user to save the*"
output report to a disk file in ASCII format. ASCILis the code used by DOS to store text., .
Also, most word processors have the ability to read’ASCIT files! Thizs by saving the: ourpur’ = -
report -to-disk;-it'can-be edited and/or inserted into other documents (for-example; a3~
response to the applicant). This option provides a method to save the text of an analysis.
Note that this saves only the text of the output report and not the structure of the data

. Sheets that were input to generate the conclusion. Section 5.2 describes how to save a-
Method 9090 data set so.that it can be reloaded at a later time for modification or further.
analyses. When the user selects this option, FLEX prompts for a file name. The name -
entered must:be a legal DOS file specification.. Legal file names are described in the MS-
DOS user’s guide. If the file name specified already exists, the system will prompt the user.

- to verify that the file is to be overwritten or optionally allow the user to change the specified

file name. The extension .0UT will automatically be concatenated to the file name you
create but should not be specified when saving the output report as a text file.

Pressing Bsc at the OUTPUT SELECTION MENU will return the sjrste;mvto the REPORT
SBELECTION MENU. . ' 4 :

.4.‘2-" Conclusion -Generation and the Rule Base

Although FL.EX can be used simply as a record keeping system for Method 9090 test resuits, -
the primary benefit of using the system is to allow the computer to perform a rapid
screening of the test results in order to reduce oversights and increase review consistency.

~ To accomplish this FLEX contains a number of rules which specify what may be
uniacceptable changes in liner properties in the context of Method 9090 testing. When a
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conclusion is requested via the REPORT szuc'uml MBNT, one of three sets of rules is
selected based upon the liner material typ¢ specified in the LINER SBLECTIOM MENT.

The -test results are first checked for compliance with applicable National Sanitation
Foundation standards (please refer to APPENDIX C - LINER NSF STANDARDS). Next,
rules are applied to see if changes in the reported test values exceed reasonable limits as,

determined through interviews with liner ma.nufacturmg and testing experts. If changes.i in..
. the test values for a specific parameter are, found to be within these limits of variation, then

values produced.by a quadrauc regrcssxon of the data are checked against another set of
limits to determine if there is a trend toward an.excessive: change in a parameter. In
addition, data is checked for both completenms and. consnstency The rules. which
incorporate these data checks (per liner type) are shown in the form of a ﬂowchan in
Appendix E.

* The results of these quantitative a.na.lyses are subsequently expanded into - Eughsh

descriptions. These descriptions are then concatepated into a report which details any
failure of the data to meet the listed criterion. In addition, justifications are provided to
explain how this interpretation of the given data was reached and why this condition may
or may not indicate a potential for failure of the liner system. This conclusion is optionally -
combined with General Information and Input Data and reported accordmg to the option
selected in the QUTRPUT SELECTION MENU. .

|
|
b
o
b
|
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5.0 FILE MANAGEMENT
5.1 Organizing and Managing Your Data Sets with FLEX

The remaining seven choices provided by the MAIN MENU are the; Load an oxistin:g;- N
~data set, Save a data set, Change current drive, Change current
directory, Remove a data set from memory, Delete a data. set file

from DOS, and EXIT options. These functions enabie the user to effectively manage sets
of Method 9090 test resuits. Thus, the information entered in a FLEX session can be stored
on and reloaded from-a selected disk drive and directory of your choosing. In this way,’
results of a test need not be completely entered at one sitting. In addition, the reviewer can
backup test results for future reference. )

52 The Load existing data set Option

When Load an existing data set is executed, a menu of the available data files -
is presented. This menu differs from the other menus described in this manual in that it
displays up to six columns of choices as opposed to a single column. However, the process
of using the arrow keys and the Enter key to move the selection block and choose the
desired option is the same i.e., use the arrow keys.to move the highlight block'to the desired -
data set name and press Enter to load the data. FLEX data sets are distinguished from -
ather. files.in the directory by their. .FPLX extension. Normally, only files created by the «
FLEX 8ave a data set option should have this extension. After data is loaded, -
control is returned to the: MAIN MENU and the user has the option of performing any -
operation exactly as if the data had been entered from the keyboard. :

5.3 The Save data set-Option

The . 8ave a data set  option creates adisk file which contains‘a copy of the Method -
9090 data currently in use. Note that this function saves only the input data and not the text -

of the conclusion. The analysis must be re-run‘in order:to obtain the conclusion from a = .
saved data set. When this option is executed, the system will prompt for the name of the .

data set. This name should consist of up to eight characters each of which is either an .
alphabetic letter or a numeric digit. If more than eight characters are entered, only the first !
eight are'used. Specifically, this creates a file in the current directory of the current disk '
with this name and a .FLX extension (this extension should not be specified when saving

the current data set). In this way, the current data set can be referenced in the future . '

‘without re-entering the test results. If a data set with the specified name already exists,
FLEX will ask you to verify that this file should be overwritten. If you respond YES, the

- data in memory will be transferred to this file and the previous contents of the file will be .

lost. If you respond o, FLEX gives the user another opportunity to enter the data set .
name. A complete explanation of file names and extensions is provided in the MS-DOS |
user’s guide. ‘ :
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5.4 The éhange current drive Option

The Change current drive option ailows you to communicate directly with DQS from

* within FLEX and is an excellent way for'you to organize your data set files. Selecting this'

option at the beginning of a FLEX session, and then selecting a drive from the Drive
Selection Menu, will allow you to save your data sets to and load your data sets from. -
either floppy disk (A: or B:) or a.hard drive (C;, D, E:, F:'G:) supported by your computer.
Because your data sets will only be saved to the current directory of these drives, you may
follow-up this option with the Change ‘current directory option (please refer to0 5.5)

to further refine and personnalize the "location” of your saved data sets via a directory.

5.5 The Change current directory Option

The Change current directory option should be used in conjunction with the
Change current drive option (except for the defauit C: drive where this option can
be selected directly from the MAIN MENU) to direct your data set to a directory of your
choice. In order for this option to function, the directory you are saving your data set to or
loading it from. must. already have been created in DOS. When you begin a session with

- *FLEX and.select your drive via the Change current drive option, select the Change
.curreat directory option to enter a new directory other than the FLEX directory.

FLEX will then. be:directly linked.to. the selected:directory throughout the session. If you
type in a directory while one is already in use or one that has not been created a 'That
Qirectory does not exist. Press Esc to cancel or any other key to

retry' message will appear. ﬁ

5.6. The Remove 2 data set from memory Option

The Remove a data set from memory option deletesall the FLEX data currently
residing in memory. This option can be used after running an analysis to clear all the test
data prior to entering another data set. This option also removes from: memory all
information concerning the liner type and the data set name. "USE THIS OPTION WITH
CARE! If this option is executed and the parameter data has not previously been saved,
this information cannot be retrieved. |

5.7 The Delete data set Option

The Delete a data set file in DOS opton allows the removal of FLEX data sets
from a disk. It may happen that a data set which was saved to disk is no longer required.
Deleting unwanted data sets will increase the amount of free space on the disk so that more
information may be stored there. To delete unwanted data sets, choose this option from the
MAIN MBNU. Use the arrow keys to move the highlight block to the unwanted data set
name and press Enter to delete. USE CAUTION WITH THIS PROCEDURE. - -
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DELETED DATA SETS CANNOT BE REPLACED. This function performs exactly the

same function as the DOS del and erase commands. However this function is
preferable because it-is menu drivenrand therefore easier to use. ' :

5.8 The EXIT Option

The EXIT option should be selected when you want to leave FLEX. Be sure you have

saved your data set before selecting this option (please refer to 5.3). Once you have entered
‘any input into the FLEX system and select the BXIT option from the MAIN MENU, 2 Data
has been edited but not saved. The current data can be stored using
the save feature in the main menu. Are you sure You want to EXIT
vithout saving changes? (y/n) message will appear. If you have already saved
your data set, type 'y" and press the Enter key to Exit. USE CAUTION WITH THIS
PROCEDURE. If you have pot saved your data set, a "y" and Enter key response to this
message will EXTT the FLEX system without saving your session. A "n" and Enter key
response: to this message will return you. to the MAIN MENT to select the Save data set
option.
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6.0 SAMPLE FLEX SESSION
6.1 Sample and Practice Consultation-

The following is a general description of how the FLEX system works. This section contains

a complete FLEX sample run, including input and analysis, and allows you the user to get
“hands on" experience with FLEX. Before you begin this session, it is strongly suggested that,
you REVIEW THE MANUAL. While.you are working through this session, please follow = -
along with the FLEX flow. chart (Fig. 1-1) in. chapter 1. If you want.to QUITT this session

at any time, continue. to press the ESCape key until the MAIN.MENU.appears, highlight
EXIT, and press the Enter key. | - ; -
In the sample session, you will begin by retrieving a partially completed data set called
"SAMPLEH". You will be instructed to select a liner type, enter its immersion temperature,
gauge, input test data on the width of the liner, correct improperly entered data, examine
parameter data, and save the revised data set.

During this sample session:

REGULAR text indicate comments abou;t. FLEX’

ITALIC text indicate the. instmctionséfor the user to type

NOTE: Remember that pressing the ESCépe (Esc) key at any point in the FLEX system

returns youto.the.previous screen. Executing ESCape no more than three times will return
you to the MAIN MENU. | '

Now Begin Sample .Session:

1. - Starting the system (Be sure FLEX is installed, refer to
: 1.4 Installing the System) ’

At the C: pronpt‘ (orj whatever disk drive you specified
FLEX to reside con) v '

"type ‘CD\FLEX' |

b

At the FLEX: prompt
type ‘FLEX’
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The. Disclaimer Screen appéars .

This is a dewonstzation oopy of a program under develcpment at the
U.S. Brwiramental Protection Agency Research C’encerin(:inri:imti,
Chio. Mpmgmhasmyetwﬂa:gaae@encyrwiewarﬂméfﬁcial
erdo:senentotthissystmshmldbei:ﬁe;red. '

PRESS A KEY TO EEGIN THE DEMONSTRATION

a

press-the “Enter  Key<~

The. FLEX logo screen appears

Fledble Memmbrans Liner Advis

press the ’‘Enter’ key
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4. - The MAIN MENU appears

FML ADVISCR, Versiem 3.0 RREL, USEFA - Cincirwati, Chig, .

- MAIN MENU

Enter EPA Methcod 9090 test data
Analyze -data & generate reeorts;
Save a data set

Eter general informaticn f
i
1

Remove a data set from memory
Celete a data set file from disk |
EXIT

INSTRICTIONS
Use the arzow keys uolughl;ght the desired function.
Press Enter to executa the Ame=ion.

Select Eﬂnfto retwrn to OCS.

CQurrent directory: C:\EIEX ‘ CQurent data set: rcne

-

i v
" Note that theWCuxrentfdatarsct: is listed as "NONE".

preass. the. down:.arrow. key: 3xt1mes to-highlight ’‘Load:-an.: ex7stzng data
set’ then. press ‘Enter’ to.select 1t. -

FML ADVISOR, Version 3.0 " RREL, Ussz' Cincinnati, oOhie
Usa arrow keys to locad the desired data set. Praéss Esc to cancal.

SAMPLEP SAMPLEC SAMPLEH

' —

Current diractory: C:\FLEX Current data set: none
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Notice that three data sets currently exist in FLEX -
"SAMPLEP", "SAMPLEC", and "SAMPLEH". These are sample
files which represent each of the three linér types which

are analyzed by the FLEX system. In this sample session

you will examine the HDPE .liner "SAMPLEH" data set.

Each time you do a session with FLEX and  save it, the
data set name you have :specified will appear on this. .

sScreen when you select the Load existing data set option -

from. the MAIN MENU. You will find that this is an
important feature when your data sets with FLEX begin to
multiply and you would like to go.back to complete a
partially completed saved data set or go back and edit
a completed saved data set. :

press ‘right’ arrow key 2 times, press ‘Enter’ toi select "SAMPLEH"

FML ADVISOR, Versicn 3.0 RREL, USEPA | Cincimati, chic
Liner: HIGH DCENSITY FOLYETHYIDNE (HDPE) Tewperatuze: rcne |
MAIN MU

.Cange axrent
Remove. 3 data. set from memocxy -
Delete.a data set file from disk
EIT

P

INSTROCTIONS
Usa the arrow keys t™© highlight the desirsd function.
© - Press Btsr to emcita the finction.
S . Salect EXIT to retarm to [XS. ‘ :
' Qrrent directory: C:\FLEX Qurrent data set: SAMPLEH

NOTE that the Current data set: listed now is "SAMPLEH* -

Remember it was pre-inputed for use. of this sample

sesgion. When you begin your own session with FLEX the
Current data set: will appear as "NONE" until you save
it and assign it a data set name of your own choosing.

Now select the Enter gonorai information option -

press up arrow key 3 times, press ‘Enter’ to select ‘Enter general
information’ " ‘
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It is strongly suggested that you use this option first
when entering FLEX to enter all the pertinent information -
for the session. : ‘

FML ADVISOR, Versicn 3.0, RREL, USEDPA Cincirmati, chio

. GENERAL INFCRMATION

Inter your name in the space provided:
Enter todayts date in the ‘s;ace provided:
Enter the sitename in the space provided:

Inter a project I.D. in the space provided:

_ - ! . N.A‘QG =
Iyperspcssmthe:o;lwﬂagqustiaswimmhighlightedcaus.
Use the arrow keys to move between cells. Press Fl to

. mmmmtqt"gpmiwmarﬁ,/ortheminm.
Qurrent directory: C:\FLEX : - . .

Notice the Instruct'ién box at the bottom of the sc:reenf
it contains all the. information you need to easily "get
around" to enter and edit your site-specific information.

- Enter your name in space provided:
type ‘John Doe’ - press 'Enter’ ’

- Enter today's date in space provided:
type ‘December 15, 1989 - press ‘Enter’

=~ Enter the sitename in space provided:
type ’‘Anywhere, USA’ - press ‘Enter’

- Enter a project ID in space provided:
type ‘218-792’ - press 'Enter’

" Notice you are now on jthe 2nd page of General information

- = Enter the name of ties;t laboratory:

type ‘USEPA’ - press ‘Enter’ ’

- Enter the date Method 9090 test began:
type ‘August 14, 1989’ - press ‘Enter’

- Enter the date Method 9090 test ended:
type ‘December 12, 1989* - press '‘Enter’

= Enter liner volatiles content (percent):
press ‘Enter’ to skijp '

- Enter liner extractables content (percent):
press ‘Enter’ to skip




- Enter the. liner specific grav1ty (ratlo)
type ’0 94’ - press ‘Enter’ ,

- Notice you are now on the 3rd page of General information

- Describe liner material in detail:

type ‘Any American Liner Inc., Non- rernforced Hrgh Dens7ty

- Polyethylene - press ’‘Enter’
- Describe the. type of exposure. tank- material
type ‘Stainless steel tank’ - press ‘Enter’
- Describe leachate in detail:
type ‘Leachate taken from previously filled cell #4'in Anywhere
USA - press ‘Enter’ :
- Enter frequency of leatchate change:
type ‘Two times per month’ - press ‘Enter’

Notice you are now on the 4th and final page of General
lnformatlon

~ Describe 9090 Method options that were not followed:
type ‘All 9090 Method: options were followed’ - press ‘Enter’
-~ Describe incorrectly performed lab procedures:
type ‘All tests were performed correctly’ - press ‘Enter’
- Describe flaws in lab specimens:
type ‘All specimens  had scratches® - press ‘Enter’

.-=-Describe.qualitative:lab:cbservancess: ... . .

type ‘All tests followed. QA/QC pracedures\-»press ’Eﬁter

After pressing Enter at the last General lnfbrmatlon item:
notice that the MAIN MENU screen reappears.

. ML AIVISCR, Version 3.0 RREL, USEFA Cim.u’mtl, chic

Liner: HIGH DENSTIY FOLYETHYIENE (HDFE) Terparatie: none
MAIN MENU

Enter general infarmation
Entar EFA Method 9090 tast data ./
Analyze data & generata repart ~
Save a data sat
Charnge Qorent directory '
Remova a data set from nemcxy ‘
Daleta 2 data set file fxrom disk ‘
IT

Use the arrow keys to highlight the desired fimction.
Press Entar to coacuta the function. ‘
Selecz EXT to retixn to XS,

Qurent directory: C:\FLEX Qurant data sat: SAMPLEH
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Notice the.checkmarké to the right of the BEater g&neral.

- information option. This indicates that data has been

entered into this option or category (the sample data

you have just entered). You will notice also that the
Enter EPA Method 9090 test data option has a checkmark
to it's right. This indicates that data has been inputed
into this option of the "SAMPLEH" data set pPreviously,

for use of this sample session.

Select it&to,examine?this,data,
press ‘down’ key once, press ’‘Enter’

|
PML ADVISCR, Version 3.0 - |  RREL, USEPA E Cincimmati, Chio
Liner: HIGH DENSITY FOLYETHYLENE (HDPE) Temperature: none .
|
LINER SEIECTION MENU

High Density Folyethylene (HDIE)
Pelyvinyl Qilaride (FX) iy
Fabric-reinforced _c;,].crcs.zlrcratad FPolyethylene (CSPE-R).

NOTE: CSPE-R is also referred to as Reinforced Hypalen.

Use the arrow keys to highlight a liner typs.
Press Entar to saiect the type of liner tasted.
- Press Esc to retanm to the main meru. :
Qurrent directory: C:\FLEX — . Qurrent data set: SAMPIFH

Notice the liner type High Density Polyethylene (EDPE)
has previously been selected, as indicated in the upper
left-hand corner of the screen. A liner type must be
selected from the LINER SELECTION MENU o advance in the
program. Before proceeding, take note of the other screen
format characteristics; the INSTRUCTIONS box, the Current
directory: "C: \FLEX" information (please refer to 5.4
The Change current drive Option and 5.5 The Change

current directory Option) and current data set:

"SAMPLEH" information appearing in the lower part of the
Screen, as they will throughout the program, to help
inform and assist you through every step. Notice also the
LINER SELECTION MENU format. Most of the screens in FLEX
will be in MENU type format (except data sheets which
will be explained shortly) for easy selection of the
information that FLEX is programmed to analyze.

press ‘Enter’ to select 'Hfgh Density Paolyethyiene (HDPE)f
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The TEMPERATURE SELE“CTION HBNT.T appears..

FML ADVISCR, Version 3.0° ' RREL USERA Circinrati, chic
Liner: HIGH CENSITY FOLYETHYIENE (HDEE) Temperature: rone
| e TEMPERATURE SELECTION MENU :
] Degrees Fahrenheit :
i Cegrees Calsius I
Usetheanwkeystoh;ghllghtanumrszmtsctapenmremut :
P:ssmtartosdec:thetape:aturamt.:
Fress EsC to return to the liner selection merm.

Qurrent directory: C:\FLEX 7 Qurrent data set: SAMPTEH.

press ‘Enter’ to select ’Degrées Celsius’

‘Enter’ the IHHBRSION TBST 'J.’EHPERATURB in the window

p:ov;.ded. L

type ‘23" press: ‘Enter’

ML ADVISCR, Version 3.0 REL; USEFA Clncinnati, chio

" Liner: HDPE' (80:MIIS). . .. . Terperature: 23 DEGREES CELSTUS

Enter the GAUGE INPUT. (1n mils) in the w:.ndow prov:.ded. z

type '80' press ‘Enter’




. PML ADVISOR, Version 3.0 | RREL, USEFA Cincinnati, chio
13. - Liner: HDPE (_80 MILS) | Temperattre: 23 DASREES GLSI&S
PARAME‘I‘ER SELECTION MBI

width- : "

lergth J . !

thickness J R !

‘ mss / ;

tensile strergth at yield J {
tensile strergth at break J : o

elangation at. yield J

elormation at break [/

J

 tear res:sance J
pncTture resistance
mxiulus of elasticity J i
miscellanecus tests J

f INSTRUCTIONS
Use the arrow keys to highlight a parameter,
Press Enter to select units ard enter test data for that' parametar.
_ Press Esc to return to the main mems. -
Qurent directory: C:\FLEX e Qurrent data set: SAMPIEH

Once the immersion @test gauge information has been
entered, the PARAMETER SELECTION MENU for HDPE appears
(see Figure 1-1 for PVC and CSPE-R liner type parameter
menu's). This is a listing of all the HDPE parameter's
that FLEX"is programmed to analyze. Notice that the Width
parameter -requires-data (as indicated by the absence of
a checkmark) and the remainder of the parameters already -
contain. sample.’.data. .for..this. session. The . Width
parameter was intentionally left partially incomplete to

give you ‘hands on* g:gperience. with” FLEX:
‘_press ‘Enter’ to select ’Wfdth’
14. =~  The UNIT SELECTION MENU appears '

press ’‘Enter’ to select "Centz‘}neters’

5. = FML ADVISCR, Version 3.0 RREL, USEPA Cincinnati, chio
Liner: HOPE (80 MILS) | Temperature: 23 DEGREES CELSTUS
Faramstor: WIDIH. Unit: CENTIMETERS
. ‘ .
DEOT: |

TyPs a mumber ard press '

Usa the arrow Xays to move betwesn calls. Press Fl1 to delots a cmll. v
Fress F10 to graph data. Press Esc to rwturn to the paramstar salection merm.
Qurent directory: C:\FIEX : © Qurrwnt data- set: SAMPLEH
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Notice a data sheet appears. These ‘are special SCreens.
designed for easy input of Method 9090 test results. You
may enter.all.the.data in one session, or add or modify .
data at a later time as test results come in (once your -
session is saved of course). This particular data sheet .
is in a 'Non-Destructive' format and  is used for the -
Parameters Width, Leagth, Thickness, and Mass for a liner
type. This format has a control column (observed . .
reference sample values) and a test column (values frcm‘,[
sample exposed to leachate) for each of the four months
of immersion. This assumes that a Separate sample is"
used for each time period and the dimensions are recorded
_poth bgfore (control column) and after (test column)
immersion. - ' .

Width is measured on the right edge, cenﬁer, and left
_edges of the test sample. Data is entered as follows:

When a test method spreadsheet is invoked, the high-
lighted or "text" box appears below CONTRL1. To enter
data for the Width at the left edge of the test sample,
type the value 26.15 in the INPUT: box and press Entar.
The value 26.15 will be placed below CONTRL1 and the
highlighted box will move below DAY 30. Continue
entering data for Width on line one as follows:

B DAY 30"~ CONTRL2 DAY 60 CONTRL3 DAY 90 - COﬂfﬁL4 DAY:J.ZO"r
s 28418 0 26,050 280k . 26.05... 26.1 25.95 26 o

After entering data for DAY 120 and pressing Enter,

the highlighted box maves below CONTRL1 on line two.

To enter data for the Width at the center of the test
sample,. type the value 26.15 in. the INPUT: box =
and press Enter. The value 26.1S will be placed below
CONTRL1 on line two and the highlighted box will move
below DAY 30. Continue entering data for width on '
line two as follows: A ? ~

DAY 30 CONTRL2 DAY 60 CONTRL3 DAY 90  CONTRL4 DAY 120
28.05 . 26.1 : Zﬁll‘ 26.05 26.15 25.9 26.20

After entering data for DAY 120 and pressing Entar,

the highlighted box moves below CONTRLL on line three.
To enter data for the Width at the left edge of the test
sample, type the value 25.98 in the INPUT: box .

and press Enter. The value 25.95 will be placed below
CONTRL]1 on line three and the highlighted box will move -
below DAY 30. Continue entering data for the Width on

line three as follows: ‘ .

DAY 30 CONTRL2 DAY 60 CONTiL3' DAY 90 CONTRL4 DAY 120
26.05 26.05 26.05 26.1 26.1 25.3 26.20
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The Contrel 4 cell has 25.8 cm instead of the intendea
26.15 cn. To edit it, use the arrow keys to get back t3"
this slot. 1

.- press 'left’ arrow key twice
- press ‘F1’ key to delete the cell
- type '26.15' then press ‘Enter’

'NOTE: the, EPA. requires 3 minimum of 3 replicates cf
completed. lines covering all 4 months of immersicn
testing.. :

- press the ‘F10’ key;

% CHANGE

1.18 —

008 T~
oz - - /

038 L ! ; b f— MONTHS
1 2 ) a 4 :

REPLICATION | B——w REPLCATIONZ S——a AEPUCATION] —a
REPUCATION ¢ W——8  REPLICATION 5 w—m

N

f
|

A graphic representation of the percent change  between
the control sample and the test sample for each column
in +the data sheet appears. -Each replication is
represantad by its own line color. To get a hardcepy, -
press the shift key and PrtSc key at the same time or
just press the PrtSc key - depending on the configuration’
of your keyboard. : : =

- press ‘Esc’ key to return-to»datc sheet




mm, Versicn 3.0 RRE:L, USEFA Cincimmati, ohio
Liner: HOFE (80 MILS) Temperature: 23 CEGREES CEISTUS
Parameter: WIDTH Unit: CENTIMETERS

INFUT: 26.1500_
CONTRIL DAY 30 (CONTRI2 DAY 60 CONTRL3 DAY 90 CONTRIA DAY 120

1) 26.1500 26.1500 26.0500 26.1000 26.0500 26.1000 25.9500 26.0000
2) 26.1500 26.0500 26.1000 26.1000 26.0500 26.1500 ' 25.9000 26.2000
- 3) 25.9500 26.0500 26.0500 26.0500 26.1000 26.1000 26.1500 26.2000

4) — _— -— — — -— — _—

5 @ —- . — _ - — — — —

Use Backspace to edit and Emter to select the caxrrent input value.

Use the arrcw keys to move between cells, Press Fl to delete a“‘cel}.
Press F10 to graph data. mmmmmmmwmmm
Omentd;.:ec:c:y (CI\FLEX O.'nufcdatasetsamzx

Notice the. . format of the . Non-destructive data sheet
screen. ‘It like all the :previous screens contain the
. ' o - INSTRUCTIONS.beox, the Current directorys: information, and . ..
P . C ‘ the ‘Curraent data set: information (BOTTOM) = ang “the: - 7
steps or-information  that you have selected (via MENUtg)~ -~
that gets you where you are (TOP).

MAN - SELECTION - SEECTION o SELECTION SELECTION [ - CATA: RS K
waw Il | B S [T ';:7 B wow P upw B s (| OM
- Many - | (nches)

Fig..6-1 1illustrate these steps and show how to backup
by using the Esc key.

Since we've come to the end of the line for the paraneter
Width go back to the PARAMETER SELECTION MENU to select

another HDPE parameter.

- - press ‘Esc’ key
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P ADVISCR, Vérsion 3.0 RREL, USERA Cincinmati, ohio
Liner: HIPE (80 MILS) 3 Temperature: 23 m:m CELSTUS
PARm SEIECTION MENU

wigth  / :
lerxyuh 7 " ,

- thickness J
mass J
tens:..e. scergrh at yield J
tensile strength at break J
elcngaticn at yield J
alcngaum' at break J
tear resistance J
pIctre. resistance J
meculus of elasticity J
msmuamas tasts J

t

Use the arrow keys ta highlight a parameter. o

Press Enter to select units and enter test data for that parameter, ’
Press Esc to re;n to the main memu.

Qurrent direetory: C:\FLEX Current data set: SAMPLEH

Notice that fhe.detﬁ paraﬁeter now has a checkmark to

it's rlght indicating that it now contains data (the data
that you've just inputed). Remember,. when you begin your
first session with FLEX the program will be: completely
empty of data = with NO- checlcmarks appear:l.ng - awa:.t:.ng
your input.. ... f L

Now review the other HDPE parameters Lasngth,’ Th;cl:ness,

and Mass' which also contain Non-destructive data sheets
and contain p;e-1nput}e_d data for this sample session.

Highlight the paréme.ter ’Léngth’ (with arrow key), then press ‘Enter’ _ .

At the UNIT BELECTION MENU,

press ‘Enter’ to accept uﬁit highlighted ‘centimeters’

View the Non-dest:ruct:.ve data sheet and prev:.ously
entered data. Length data has already been entered in the .
SAMPLEH.FLX data set and is measured on the TOP edge, the

CENTER, and the BOTTOM edge of the test samplez. Feel free
to examine the data sheet. graph by pressing the F10 key.

Go back to the PARAMETER SELECTION MENU by

pressing the ‘Esc’ key . |

Continue these sfepé (step 16) to view the HDPE
parameters Thickness and Mass which also contain pre-

inputed data for this sample session as indicated by
chec}cmarks. o .

Now you're ready to examine the HDPE parameter Tonsile
strength at yield.




30

highlight it, press ’‘Enter’
20. = FML ADVISCR, Version 3.0 RREL, USEPA . Cﬁ:ﬁmmi,auo
Liner: HDEE (80 MILS) ‘ . Temperature: 73 DECREES CSISTUS:
'Parameter: TENSIIE STRENGTH AT YIEID Unit: . FOUNDS,/SQUARE: INGH -
UNIT SELZCTION MENU :

‘ pourds/inch of width : |
. . powrds/square inch : :

. Use the arrow keys to highlight a unit.
- Press Enter select the unit ard enter test data.
Press Esc to to the. parameter selection merm

anmtdﬂmdwq&CﬂJEx Qurrent .data set: SAMPLEH

At the UNIT -SELECTION WINDOW; .

press~'Enter* to-select ‘pounds/square fnch™ <. “i-

2. - . FML ADVISCR, Version 3.0 RREL, USEFA ~ Cincinrati, chio
mu:mmms) © Temperatizre: z:scz:sms

anﬂmriﬂSﬂEﬁﬂmﬂﬂxrﬂﬂb ~tmm;Kan$ntDC8
TEST DIFECTION MENU .

At the TEST DIRECTION. MENU,

preks ‘Enter’ to select ‘Machine direction’
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FML AIVISCR, Versien 3.0 RREL, USEFA . Cincinmati, chie
Liner: HOFPE (80 MILS) Terperatize: 23 DEGREES CEISTUS
Parameter: TENSIIE STRENGTH Ai YIELD Unit: FOUNDS/SQIARE INCH

INFUT: 3020.00_

MACHINE QNIXOL DAY 30 DAY 60 DAY 90 DAY 120
DIRECTION © - i '
1) 3020.00 3050.00 3050.00 3110.00 3200.00 °
2) 3020.00 3090.00 3110.00 3180.00 3210.00
3) 3030.00 3100.00 3110.00 3150.00 3210.00

4y — —_ —_ —_

5) — — —— —

Use Backspace to edit ard Enter to select the current

Use the arrow keys to move between cells. Press Fl1 to del
Press F10 to graph data. Press Esc' to retonn to the test directi

¢ Qurrent directory: C:\FLEX : . Qurrent.

i
L]
oy

Another data sheetfappears .and contains the information
that gets you where.you.are (TOP) = and the.INSTRUCTIONS
box,” the Current: directery' 'information; and Current data
set: Lnformatlon (BQTTOM) .. The data sheet format itself, .
however, is: dxffErent than the prior ones you have

examined. It is a 'Destructive' format and is used with -
physical  property testing . to: analyze parameter

classifications of Strengths," BElongations, Tear -and
Puncture resistances, Elasticities, and .. Adhesions-
(depending on the liner type you are using .- see Fig.3-

2 for liner parameter listings and APPENDIX A). This data

sheet has a single control column and a test column for

each of the four months of immersion. The difference in

formats is necessary because physical property tests are

destructive and a sample can be measured only once.

Changes in physical properties must be referenced to the-
average of the control sample.

Notice that all the cells of the data sheet already

contain previously entpred data for this sample session.
The same procedures in Step 15 for entering and editing
data within data sheets apply here for input your own

data sheet tast results,

press the ‘F10’ key
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24,

(99}
N

POUNDS/SQUARE INCH

3?89' =
3168
3147
3126
3104
3083

3062

3041
=

I .
3020 . - ~—— MONTHS
1 2 3 4

REPUCATION 1 & REPUCATION 2 #——& REPLICATION 3 o——ua
REPUCATION 4 =#——=  REPUCATION 5 m—a ‘

Like the Non-destructive data sheet, the Destructive data’
sheet has graphics capabilities. Destructive data sheets,

however, will be calculated by the actual values in thEa
test data for each of the parameter types listed in Step

'»20 To get a hardcopy, press the shift key and Prtsc key .

at the same time or just press the PrtSc:key - depending.

‘on.the..configuration..of. your: keybcard

presS"ESC ta“return;ta¢dztaasheet

.Lpress ‘Esc’ to return.to. the "TEST DIRECTION MENU'

FML AVISCR, Versiom 3.0 RREL, USBRA . cihcimmati, chio
Liner: HLP® (80 MILS) | Temparature: 23 DEGREES CELSIUS

| Paramstsr: TENSIIE STRENGTH AT YIEID ~ Onit: FOONDS/SCQUARE DY
= TEST DIRECTTON MEND

machine direction  /
tramsversa direction J

DAY 120

MACHINE ‘ CQNTROL DAY 30 DAY 60 DAY S0
DIRECTICN
1) 3020.00 3050.00 3090.00 3110.00 3200.00
2) 3020.00 3050.00 3110.00 31B0.00 3210.00
3) 3030.00 3100.00 J3110.00 31%0.00

3210.00
4) e e— . — —_ —_
5) @ — —_ — — —
INSTROCTIONS

' Use the arrow keys to highlight a tast direction.

mmmmmmmmmmm
Pruss Esc to ratiom o the paramstar sealection wersz.

cm'xtdi.t-ctnry C\FIEX Qurent data sat: SAMPLER

‘At the TEST DIRECTION MENU,




25.

26.

press ‘down’ arrow key, then press ‘Enter’ to select the ather test
direction option of- ‘Transverse-direction’

Note, only one measurement unit (in this case pounds/
square inch) can be used for both the Machine and
Transverse test direction options.

FML ADVISCR, Version 3.0 | RREL, USEPA Cincinnati, chio
Liner: HDPE (80 MILS) ‘ Temperature: 23 DEGREES CELSIUS '
Parameter: TENSILE STRENGTH AT YIEID  Unit: POUNDS/SQUARE DNGH

[

|
TRANSVERSE QNTROL DAY 30 DAY 60 DAY S0 DAY 120

1) 2950.00 3090.00 3110.00 3220.00 3280.00
2) 2990.00 3040.00 3070.00 3150.00 3280.00
3) 2990.00 3070.00 3030.00 - 3100.00.. 319C.00 ' .

E

Press F10 to graph data. FPress EsC to retlan to the test direction
Qurrent ‘directary: C:\FIEX amnm:&nasm.sn@ux

Another 'Destructive format data sheet appears with
previcusly entered.data for this sample session. Notice
here that 'Transverse direction' appears below the input:
box along with the cther screen attributes which tell you
exactly where you are: ln the program. -

press the ‘F10’ key to examine the Transverse direction gréphic

press ‘Esc’ key 3 times toireturn to the ‘PARAMETER SELECTION MENU’

DML AVISR, Varsion 3.0 | RREL, OSEFA Cincinnati, chis
Liner: HOPR (20 MILS) i Tezperatire: 23 DBGREES CELSTUS
PARAMETER SETECTION MENO
 width /
laegth /
thickness J
aas
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28.

29. .

‘ ‘ 3@
At this point, feel free to examine. fhew remaining.
parameters. They also contain previcusly entered data for
this sample session' and:' contain' the Destructive data'

sheet formats. Remember, !
press ‘Enter’ to ADVANCE - press ‘Esc’ to BACKUP

If you should inadvertently backup to the MAIN MENU, just .
continue to press the Enter key at the Enter EPA Method
8090 test data option, the LINER SELECTION MENU, the!
TEMPERATURE S8ELECTION ' MENU, the IMMERSION TEST
TEMPERATURE prompt, and the GAUGE INPUT prompt until you
advance to.the PARAMETER SELECTION MENU (following the
same steps you have previously taken - refer to Figure
6-1). ' : '
When you are finished examining the remaining parameter
listing of HDPE, you will notice the final option in the
PARAMETER SELECTION MENU as being miscellanecus tests

highlight it and press Enter

B | ; |
Currently the ASTM 2552 is the environmental stress crack
test of choice, however, cld data may exist from ASTM
"D1693 and can be ‘entered within the HDPE test menu. A
Carbon. Black. Test. is: recommended. by Method 9090..for.HDPE .
liner types." R - ‘ ‘ :

press Enter and Esc keys to examine the contents of each option

Now you're*readyﬂto"compilé*a'report of the SAMPLEH .data
set. . ‘

from the ‘PARAMETER SELECTION MENU’ press the ‘Esc’ key

}

§

FML ADVISCR, Version 3.0 RREL, USEFPA Cincinnati, chio

Liner: EDPE (80 MILS) ‘ Temperatire: 23 DEGREES CELSIUS
. MAIN' MENT

INSTRUCTIONS
Usa the arrow keys o highlight the desired furcticon.
Fress Entar to exscuts the function. o
Select EXIT to return to XS,

Qurrent directory: C:\FLEX . cn:uu(hmasn:;snmum
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From the MAIN MENT,

highlight ‘Analyze and Qenerate report aption’ to select it; press
Enter ‘ : '

ML ADVISCR, Versicn 3.0 RREL, USEPA Cincinmati, chio

e INSTRUCTIONS
Use the arrow keys to highlight a repart type.
P:mﬁ:te:tosilec:ﬂntypno’tmfarm.

. Press Esc to retanrn to the main mersi.
Quzrrent directery: C:\FLEX . Qurent data set: SAMPLEH

Tnevnxponr;sxrzcrroﬁ“uxxU“appears with three options
available to you:; ‘

1 - Output thowinput‘data - produces a report reviewing
the general information and data sheet information
you have entered. .

2 = Output the conclusion - analyzes all input in the
data set and produces a report which accounts for ="
suspected deficiencies with liner type and missing .
information, and then provides justifications for

the conclusions..

3 - oOutput input daéa & conclusion - produces a report
containing the contents of 1 & 2.

press ‘down’ arrow key 2 times to highlight ‘Output input data &
conclusion’, then press Enter . '
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When the qgnoratinq Report message disappéars,

ML, ADVISOR, Versiaon 3.0 RREL, USEFA ) Cincinnaci, Ol-u.o

Report: CUTFUT INFUT CATA & CONCIISION ...

CUTRUT SELECTION MENU

D:_'splay the autut regort or the screen
Print the autout report on system printer |
Save the autmit report as a text file

g . INSTRUCTICNS = e
Use the arrow keys to highlight a cutput mode. ‘.I

Press Enter to select the mexde of autge. : Cod

Press Esc to retwn to the report selection memui. l

Qurent directory: "C:\FLEX Qurrent data set: SAMPLEH

The OUTPUT Bﬁnxcrloxfuxxuﬂappears~witﬁ;threefbpticns'

available.tosyou. .. . .. . - ‘ L

1 - nisplax*fhcﬂuutput"rapd:t“énrthefﬁc:emnwé:thisﬁmd
‘'option enables you to view your REPORT SELECTION
MENU selection on your computer monitor.

2 - ' Print the output report on system printer - this"

option enables you to obtain a 'hardcopy' of your
REPORT SELECTION MENU selection from your. system -
printer. 1 ‘ '

3 = BSave the ocutput report as a text file '~ this option
is an excellent way to produce a 'readable' file'
which can be saved or transferred via floppy disk :
and - then, if desired, viewed through a word
processor (Note: because the report is saved as a
DOS file when this option is selected, you will have

to import it into the word processing software. Most @ ~

of the major packages have this capability).. The
report you obtain when selecting this option will
depend on your REPORT SELECTION MENU gelection.

press ‘Enter’ to select ‘Display the output report on the screen’

~
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Now examine the sample FLEX summary’ repart for this
sample session. Refer to-6.2 Sample FLEX Summary Report-
which has a 'hardcopy' and further explanation of the
Same report you are viewing on your monitor screem. It -
is a sample of thefkind of Summary Report you would
produce had you selected Print the. output rapart on

system printer in Step 31.

- examine the ‘GENERAL INFORMATION’ section of the s::mafy"""‘
report, press the ‘Pg0n’ key or the ‘down’ arrow key to scroll. =

- Press the ‘Pghn’ ke} or the ‘down’ arrow key to scroll through
the parameter data sheets to examine the ‘Analysis of HOPE
Liner Data’ section of the Summary Report .

Wwhen you get to the end,
- press ‘Esc’ 3 times to backup to ‘MAIN MENU’

At MAIN MENU,

press ‘down’ key 2‘times:tv highlight “Save a data set’, then press
’Enter’ ‘ .

FML ADVISCR, Version 3.0°° © ©  RREL, USERA Cincinnati, chio
Planss entsr z save name for tm: c_hta sat.
Limit this name to eigft charactars. Press Esc to cancal.
Save name: SAMPLEM j

Qurent directory: C:\FIEX . Qirrent data set: SAMFLEH
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Although the Save a data set option can be utilized at
any time,” it is better. to save a data set .at jit's

- conclusion. This option stores the data set currently in
" use to a new file. When the file is Ccreated, the program

will ask for a file name of less than 8 characters. Names'
must be composed of only letterS*cr:numbe:s,mAfter‘saving
a data set, the MAIN MENU appears. ‘

- In order -  to ‘allow_‘multiple users to work their wéy'”'

through a test session, do NOT save the sample data set
under the name "SAMPLEH". Saving the data set under a
different name, i.e. "MYTEST", retains "SAMPLEH" in its
original form. -

press the ‘backspace’ key 7 times to erase "SAMPLEH"

type 'MYTEST’, then press Enter
If this had been the Sample Session name used before, the

following screen will appear,

FML ADVISCR, Version 3.0° - RREL, USEPA | cincimati, -Chio
Please erter a save name for this data set. .

Would you like to overwritas it?'(y/n)

Qurrent directary: C:\FIEX Quxrent data set: MYTEST

Now ﬁlgx infofms you that the data set name already -
exists and would you like to. overwrite it? :

type ‘y’, then press ’‘Enter’ to save your inpbts under ‘MYTEST’

At the MAIN MENU notice that the Current data set: name
is now "MYTEST® (When you begin a new session with FLEX
and select the Load an existing data set option the data
set. "MYTEST" will appear in the listing along with the,
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other three original - datzf-:::l-set files;  "SAMPLEH",
"SAMPLEC®, and "SAHPLEP" .
press ’‘down’ key 3 tvmes ta highlight ‘EXIT’, type 'y’, then pres's
‘Enter’

Congratulations! You have )ust complcted a ’comprehensive’ session with FLEX. When you

begin your.own sample session with FLEX, remember- to follow the on-line instructions ' -

appearing on every screen throughout the program. Feel free to load and examine the data
of the other liner sample data sets "SAMPLEC' and "SAMPLEP".

NOTE: All but foyr of the MAIN MENU opuons were mentioned in this sample session;
Change current drive, Changa curzent directory, Remove a. data set.. .

from memory and Delete a data set file in DoO8. They are fairly self-
explanatory and more can be learned about them in 5.0 FILE MANAGEMENT of this
manual.
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6.2 Sample FLEX Summary Report
The following is an example of a FLEX Summary Report which contains the input data and

conclusion-information of the data set "SAMPLEH" (please referto 6.1 Sample and Practice
Consultation) which anaylzes HDPE liner characteristics. It was produced by selecting the

Analyze data & generate report option from the MAIN MENU and thenselecting - -
the output input data & conclusion and Print the output report on - -

system printer options (please refer to 4.1.1 Report Selection'Menu and 4.1.2 Output
Selection Menu). The "Input data" section of the Summary Report contains the GENERAL
INFORMATION which was entered at the beginning of the FLEX session and displays the
values within each of the parameter data sheets. The "Conclusion” or Analysis of HDPE
Liner Data section of the Summary Report displays the collection of text that results from
applying the input-data to the "rule base” (please refer to 4.2 Conclusion Generation and
the Rule Base). The "Rule base” for HDPE liner criteria, for example, will analyze for over
65 conditions. These "rules” or conditions for the HDPE liner and the other two liners which.
FLEX analyzes ( PVC and CSPE-R ) are listed in APPENDIX E. As you can see from this.
sélsa.mple Summary Report, the HDPE liner EPA Method 9090 test results are adequate in
this case.. ‘ . - ’

Data. Set..Name::.  SAMPLEH.FLX: . Date: 01/A25/90: Time‘;els‘lls DRI

'FLEX SYSTEM / VERSION 3.0
. . RISK REDUCTION ENGINEERING LABORATORY
US EPA / CINCINNATI, OHIO -

GENERAL INFORMATION

Name: John Doe .

Date: December 15, 1989
Sitename: Anywhere, USaA
Project I.D.: 218-792.

The Name of the Test Laboratory: US EPA ‘
The. Date Method 9090 Test Began: August 14, 1989 -
The Date Method 9090 Test Ended: December 12, 1989
No Reported Liner Volatiles Content! 4

No Reported Liner Extractables Content! :

The Liner Specific Gravity (Ratic): 0.94

A Description of the Liner Material:

Any American Liner Company, Non-Reinforced High’ Density .
Polyethylene - o : . :

A Description of the Type of Exposure Tank Material:

Stainless Steel Tank
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A Description of the Leachate:

Leachate Taken From Prev10usly Fllled Landfill Cell #4 in Anywhere,
usa

A Description of the Frequency of Leachate Change:

Two Times per Month

A Descr;ptxon of 9090 Method Options tnat» ‘'were not -
followed: ‘ ‘

All 9090 Method Options Were F#llowed.
A Description of Incorrectly Performed Lab Procedures:
All Tests Were Performed Correctly.
A Description of Flaws 1n.Lab Speclmens.
All Specimens- Had Scratches.
| ‘A Description of Qualitetive Lab”Obeervances:

. |
All Tests FollowedeAjQC¢Procedpresh

Liner: HDPE (80 MILlS)
Temperature: 23 DEGREES CELSIUS
Parameter: WIDTH

Unit: CENTIMETERS

. CNTRL1 DAY 30 CNTRL2 DAY 60 CNTRL3 DAY 90 CNTRL4 DAY 120
1) 26.1500 26.1500 26.0500 26.1000 26.0500 26.1000 25.9500 26.0000
2) 26.1500 26.0500 26.1000 26.1000 26.0500 26.1500 25.9000 26.2000
3) 25.9500 26.0500 26.0500 26.0500 26.1000 26.1000 26.1500 26.2000

4) — -—— . m—— ——— —— —— —— -e—

5) ——- -—— — me= . ——— — . mm-

Liner: HDPE (80 MILS) * .
Temperature: 23 DEGREES CBISIUS PR
Paranater: LENGTH ‘

Unit: CENTIMETERS

CNTRL1 DAY 30 CNTRL2 DAY 60 CNTRL3 DAY 90 CNTRL4 DAY 120
1) 26.3000 26.3000 26.3000 26.3000 26.3500 26.3000 26.3500 26.4000
2) 26.2500 26.2500 26.3000 26.2500 26.3500 26.3500 26.3500 26.4000
3) 26.2500 26.2000 26.3500 26 3000 26.4000 26.3500 26.4000 26.4000

4) ——— -— -— s — —— === e=e

5) —— - — —— —— Sm—— ——




Liner: HDPE (80 MILS)
Temperature: 23 DEGREES CELSIUS
Parameter: THICRNESS

Unit: MILLIMETERS

CNTRL1. .DAY 30 CNTRL2 DAY 60.

| CNTRL3 DAY 90
1) 2.09000 2.03000 2.09000 1.97000 2.09000 1.95000
2) 2.20000 2.12000 2.20000 1.97000. 2..20000. 1.97000.-
3) 2.35000 2.10000 2.35000 2.05000 2.35000 2.03000
5) - - —— - - P—— -
Liner: HDPE (80 MILS) '

. Temperature: 23 DEGREES CELSIUS :
Parameter: MaSS -
Unit: GRAMS j

CNTRL1 DAY 30 CNTRL2 DAY 60 CNTRL3 DAY 90

1) 11.1100 11.1010 11.0980 10.9970 10.8810 10.7890
2) 10.9900 10.9570 10.8%20 10.8860 10.7800 10.7330
3) 10.9500 10.9300 10.8760 10.8210 10.7750 10.7680
5) - - ——— . ——— - p— ———
Liner: HDPE' (80" MILS) - )

Temperature: 23. DEGREES.CELSIUS - R
Parameter: TENSILE STRENGTH" AT’YIELﬁ
Unit: POUNDS/SQUARE INCH
MACHINE DIRECTION o ‘ ﬁ
CONTROL DAY 30 DAY 60 DAY 90 DAY 120
1) 3020.00 3050.00 3090.00 3110.00. 3200.00
2) 3020.00  3090.00 ' 3110.00 3180.00 3210.00 .
"3) 3030.00 3100.00 3110.00 3150.00 3210.00 .
4 ) -——— - —mee ——— ———— ¥
5) @ =—-- —-—— —— —— ———
TRANSVERSE DIRECTION : i
CONTROL DAY 30 DAY 60 DAY 90 DAY 120
1) 2990.00 3090.00 3110.00 3220.00 3280.00
2) 2990.00 3040.00 3070.00 3190.00 3280.00
3) 2990.00. 3070.00 3090.00 3100.00" 3190.00
4 ) -—aesas —-aaes -aman - -
5 ) R . L2 2 3 - ey - - ey - e a

Liner: HDPE' (80 MILS)

Temperature: 23 DEGREES CELSIUS"

Parameter: TENSILE STRENGTH AT BREAK

Unit: POUNDS/SQUARE INCH

CNTRL4
2.09000
2.20000

2.35000

CNTRL4
10.5600
10.5620

.10.7450

10.7340

DAY 120

1.93000
1.95000
2.00000

DAY 120
10.5320
10.5490




! 4:
MACHINE DIRECTION 1
CONTROL DAY 30 DAY. 60 DAY 90 DAY 120
1) 3070.00 3150.00 3240.00 3440.00 3750.00
2) 3060.00 3090.00 3120.00 3460.00 3720.00
3) 3010.00 - 3100.00 3370.00 3570.00 3790.00
4) -—— -—— —_— -— -—-
5) @ =—- -— -—— — —-—
TRANSVERSE DIRECTION ;
CONTROL DAY 30 DAY 60° DAY 90 DAY 120
1) 3800.00 3900.0Q. 4010.00 4100.00 4200.00
2) 3800.00 3920.00 :.4050.00 4090.00 4130.00
3) 3800.00 3880.00. 3990.00 4010.00 4180.00
4) -—- -—— -—— -—— —
5). =—- - - —— ——
Liner: HDPE (80 MILS)
Temperature: 23 DEGREES CELSIUS
Parameter: ELONGATION AT YIELD
Unit: PERCENT |
MACHINE DIRECTION - k ,
CONTROL DAY 30 DAY 60 DAY 90 DAY 120
1) 18.2600.:.19.0000 19.3800 19.5800. 20.1000
2) 18.9700.. 19.0500. 19.2300 19.4700 19.7500
3) 17.5500" 18.1000 -18.9000 19.1300 19.6700
4:)‘ . - PR c R B DD - - - - e
5) -—— o -—— —— -
TRANSVERSE DIRECTION ‘ v
- CONTROL DAY 30 DAY 60 DAY 90 DAY 120
1) 17.4000 18.7000 18.9000 19.4000 19.5000
2) 17.9800 18.3000. 18.6000..19.2100 19.4400.
3) 17.6500 18.5000 18.6400 18.8500 19.1000
4) --- -—- ——— - -—-
5) - - — —— ———
Liner. HDPE (80 HILS) ' o
Temperature: 23 DEGREES CELSIUS
Parametar: ELONGATION AT BREAK
Unit: PERCENT
MACHINE DIRECTION 1 ‘
CONTROL DAY 30 DAY 60 DAY 90 DAY 120
1) 605.000 612.000 615.000 618.000. 620.000
2) 620.000 659.000 664. OOO 688.000. 690.000
3) 620.000 654.000 655. 000 663.000 670.000
4) —— - —— - ——— ——
5 ) P -—anas - - e - - -
|
if




DIRECTION

TRANSVERSE o -
CONTROL DAY 39 DAY 60 ‘DAY 90 DAY 120
1) 620.000 652.000 670.000 674.000 638.000.
2) 570.000 583.000 590.000 629.000 640.000;
3) 620.000 635.000 640.000 664.000 680.000:
5) =—- -— -— -——- -—
. Liner: HDPE (80 MILS)
Temperature: 23 DEGREES CELSIUS
. Parameter: TEAR RESISTANCE
Unit: POUNDS -
MACHINE DIRECTION ) s
. CONTROL DAY 30 DAY 60 DAY 90 DAY 120.
fl) 76.4000 76.0000 77.0000 77.8000 78.0000
2) 74.5000  76.0000 76.3000 78.4000 80.0000°
3) 74.5000 77.0000 78.1000 79.4000 82.0000
4) -— -—- ——— B -—
S) - - - - - - ——- - - -
TRANSVERSE DIRECTION
~ CONTROL DAY 30 DAY 60 DAY 380 DAY 120
1) 76.8000 777.9000 '79.0000 78.3000 71.4000
2) 73.4000 75.0000 75.8090 76.8000 - 70.2000 N
3) 73.4000 76.0000 . 86.3000 . 79.6000 69.2000
. 4) —— —— ——— — ——
' 5) e emm—n o me— T amem—— . -
Liner: HDPE (80 MILS)
Temperature: 23 DEGREES CELSIUS
Parameter: PUNCTURE RESISTANCE
Unit: POUNDS: -
CONTROL . DAY'30 ~ DAY 60 DAY 90 DAY 120
1) 85.0000 87.0000 89.0000 92.0000 1 96.0000
2) 85.0000 86.0000 91.0000 92.0000 100.000
3) 85.0000- 86.0000 89.0000 -93.0000 95.0000 ;
) 4 ) - -y L 1 ] L L L ] - - - - -
‘Liner: HDPE (80 MILS) :
Temperature: 23 DEGREES CELSIUS
Parameter: MODULUS OF ELASTICITY
Unit: POUNDS/SQUARE INCH
MACHINE DIRECTION - :
CONTROL DAY 30 DAY 60 DAY 90 DAY 120
1) 82600.0 84000.0 87500.0 86400.0 87800.0 .
2) 84100.0 85600.0 86200.0 88800.0 S0100.0°
3) 83000, 0 83400 0 87500.0 88000.0 89900.0.
4)  --- -—- - e -—




TRANSVERSE DIRECTION } :

CONTROL DAY 30 . DAY 60 DAY 90 DAY 120
1) 84900.0 87000.0 89000.0 9S0300.0 91900.0
2) 85200.0 84900.0 85500.0 87700.0 90200.0
3) 85000.0 85500.0 86000.0 86400.0 88000.0

4) - -— -— -— -—

5 ) - - an - - - -

HDPE MISCELLANEOUS" TESTS

ASTM Test Performed: Environmental Stress Rupture ASTM D2552
The thickness of ASTM D2552.test samples: 80 mils
The percentage of ASTM D2552 test samples that" failed: 8 percent

Test Performed: Carbon Black‘Test
The percentage of carbon black in the liner tested: 4 percent

r

Analysis of HDPE Liner Data

The chemical res;stance of the llner material to the leachate/waste
said to be that of or representative of the waste site was judged
according to criteria generally considered practical and reasonable
- by liner industry and liner material specialists. There may be

exceptions to these. generalizations. In its present stage of
development, this -analysis system provides guidance that must be
considered . along . with: a variety of site-: .specific and
appl;catlon-speczfic factors. The analysis involved an assessment
of the changes- and'trends'xn«changes of certain physical:-properties
and attributes upon exposure to the waste/leachate under the
conditions of EPA Method 9090 (Sept, 1986) or similar procedures.
In addltlon, information spec1f1c to the limer material selected
concerning the test conditions and planned-installation conditions-
of the liner were reviewed. - The information was also assessed for
its completeness and reasonableness.

Based upon the EPA Method 9090 four month immersion test results
that were entered, there is no .indication that the liner is not
chemically resistant to the waste/leachate used as the test medium.




.........

4
7.0 TROUBLESHOOTING * :
7.1 Error messages

Many of the input values im FLEX have LIMIT and/or TYPE }estrictions. LJM]I

restrictions refer to the ranges (gains / losses) examined by the rule base. A listing of the
LIMIT restrictions is available in APPENDIX D - FLEX SYSTEM LIMITS on INPUT

DATA. TYPE restrictions apply to input data that must be exclusively numeric or-.-. .

exclusively character types. All error messages are inactivated by entering a correct data type

within the required limits.

72 Software Support
FLEX was developed by the Risk Reduction Engineering Laboratory, U.S. Environmental

- Protection Agency. Version 3.0 of the Flexible Membrane Liner Evaluation Expert System

is being distributed on a limited basis for the purpose of field testing and to obtain feedback
concerning the system’s performance and content. As stated in the disclaimer, this system
has not undergone Agency review and no official endorsement by the U.S. EPA should be.

presumed. Comments on the system should be addressed to: : .

Daniel G. Greathouse .
T USEPA ; . ;
Risk .Reduction Engineering. Laboratory
26 W. Martin Luther King Dr.
. Cincinnati, ohioc 45268 -

If problems are ehcountered which cannot be solved uSing' the information in this manual,
telephone support is provided free of charge by the authors. To report problems and/or

obtain assistance call: ..

Jay Clements

USEPA . S
684-~7836 (Frr8) .
513=-569-7836 (COno:cinl)




APPENDIX A

LINER PARAMETERS UNITS and TEST DIRECTIONS

HDPE PARAMETERS
(Test Direction)

width
(machine)

length
(machine)

thickness
(machine)

mass
(machine)

tensile strength at yxeldw..

(machine, transverse)

tensile strength at. break v

(machine, transverse). -

elongation at yield.:. ...
(machine, transverse) -

elongationm at bre&k
(machine, transverse)

tear resistance
(machine, transverse)

punctﬁfé resistance
(machine)

modulus of elasticity
(machine, transverse)

PYC PARANETERS
(Test Direction)

width
(machine)

length .

(machine)

UNITS
|

lnches

. centimeters

millimeters
‘ ¢
inches
centimeters
millimeters

hils
millimeters

grams
pounds

pcunds/inchwozkwidth ]
pounds/square inch

'pounds/inch'othidth

pounds/squa;e'inch,

percent..
percent

pounds

pounds/inch" of‘thickness

pounds/mil of thickness

pounds ’
pounds/inch of thickness
pounds/mil of thickness’

" pounds/inch of width
. pounds/square inch

UNITS

inches
centimeters
gillineters

inches
centimeters
nillineters
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thickness
(machine)

mass.
(machine)
tensile strength at break

- (machine, transverse)

' elongation at break
(machine, transverse)

tear resistance
(machine, transverse)

puncture resistance
(machine)

‘maximum stress
(machine,transverse)

CESPE-R PARAMETERS .
5 (mqstjni:.ctioqywﬁ ‘

-~ width-
=" (machine)

lengﬁh'L

(machine) -

thickness
(machine)

"(machine)
' preaking factor - fabric
(machine, transverse)

breaking factor - coating
‘(machine,trahsverse)

elongation at fabric break
(machine, transverse)

elongation at coating'b:eak'

48

mils

. millimeters

grams..
pounds

pounds/inch of width |
pounds/square inch :

percent o :

pounds
pounds/irich of thickness
pounds/mil of thickness

pounds :
pounds/inch of thickness
pounds/mil of thickness

pounds/inch of width
pounds/square inch

inches
centimeters

. millimeters

inches ‘
centimeters:. -
millimeters -

mils -
millineters

grams
pounds

pounds : .
pounds/inch of width

' pounds/square inch

pounds-
pounds/inch of width
pounds/square inch .

percent

percent




(machine,transverse) .

tear resistance
(machine, transverse)

hydrostatic resistance
(machine)

maximum stress
(machine, transverse)

ply adhesion v
(machine.,transverse)...

#

49

pounds

pounds/inch of thickness
pounds/mil of thickness
pounds/square inch
pounds/inch of width
pounds/square inch

pounds/inch of width

EEa Y-




APPENDIX B

LINER TEST METHODS / DECEMBER 1989

. HDPE Liners

width
Length
Thickness

Mass

Tensile Strength at Yleld

Tensile Strength at Break

Elongation at Yield

Elongation at Break

Tear Resistance

. Puncture Resistance .
Modulus of Elasticity
Environmental Stress Cracklng

Carbon Black .

. P¥C Liners

width- ... .
Length. .. .. .

Thickness

Mass

Tensile Strength at Break
_Elongation at Break

Tear Resistance.
Puncture Resistance
Maximum Stress

. CBPE=~R Liners }

width

Length -

Thickness

Mass

Breaking Factor - Pabric
Breaking Factor - Coating
‘Elongation at Fabric Break
Elongation at Coating“areak
Tear Resistance
Hydrostatic Resistance
Maximum Stress.

Ply Adhesion

50

ASTM Test Method

Left Edge, Center, Right Edge. -
Top Edge, Center, Bottom Edge
ASTM D374, D1593 Para.s8.1.3,
D3767

ASTM D1910

Tensile Behavior

Tensile Behavior

Tensile Behavior:

Tensile Behavior:

Tear Behavior |

Puncture Behavior

ASTM D882 Mtd. A

ASTM D1693, D2552

ASTM. D1603

ASTM Test Method:

Left. Edge, Center, Right: Edgew. ...
Top Edge, Center,. Bottom Edge ... -
D1593 Para. 8&.1. 3, D3767. C
ASTM D19%910

Tensile Behavior'

- Tensile Behavior;-v

Tear Behavior.
Puncture Behavior
Tensile Behavior .

ASTM Test Method

Left Edge, Center, Right Edge
Top Edge, Center, Bottom Edge
ASTM D751, D3767
ASTM D1910 . [
Tensile Behavior

‘Tensile Behavior

Tensile Behavior '

Tensile Behavior:

Tear Behavior

ASTM D751 Mtd. A, Procedure 1
Tensile Behavior ' ,
ASTM D413 Section 12.2, :
Machine Mtd.,Type A,180 deg.-
peel , ,

NOTE: Descriptions for Tensile Behavior, Tear Behavior, and.
Puncture Behavior appear on following page. . : :
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Tensile Behavior ‘ ‘
1. Dumbbell Shape ASTM D412, D638, D882 Mtd. A or B, D75 Mtd. A -
2. Uniform Width ASTM D4885 (Narrow or Wide Width Specxmens)

3. Three-Dimensional GRI Standard GM-4 T e

Tear Behavior ‘ *
1. Miscellaneous Tests ASTM D751, D1424, D1938

2. Trapezoidal Tear Test ASTM D1004 Die. C, D2263

3. Tongue Tear Test ASTM D2261 (Scrim Reinforcement)

Puncture Behavior a

1. ASTM D2582, D3787 . o O

2. FTMS 101C Method 2031, 2065 ‘ ‘ -
All Liners (HDPE,PVC,CSPE-R) ASTM Test Method

Extractables’ . ASTM D3083, SW 870 App. III-E
Volatiles ASTM D1203 th. A, SW 870 App. III-D
Specific Gravity (<1.0) ASTM D792 Mtd. A, (D1505)




APPENDIX C
LLINER NSF STANDARDS
HﬁPB’N&P&STleARDB

Tensile Strength at Yield
60 mil 80 mil 100 mil

2000.0 psi 1750.0 psi: 1800.0 psi

Tensile Strength at Break: 3000.0 psi
Elongation at Yield: 10.0 % ‘
Elongation at Break: 500.0 $%

Tear Resistance ,

60 mil - 80 mil . 100 mil
30.0 1lbs 40.0 1lbs. 50.0 1lbs

Modulus of Elasticity: 80000.0 psi

 PYC NBF STANDARDS

Tensile Strength at Break: 2400.0. psi.
Elongation-at-Break: 300.0 %7 v
Tear Resistance

30 mil 45 mil

" 8.0 lbs 11.0 1lbs

 Maximum. Stress: 900.0 psi

CSPE~R NSF STANDARDS
Breaking Factor - Pabric: 6X6 YARNS/INCH

30.mil 36 mil } 45 mil

60.0 lbs 60.0 1bs 90.0 1lbs
Breaking Factor - Fabric: 8XS YARNS/INCH
30 mil 36 mil 45 mil

120.0 1lbs ~120.0 1lbs 125.0 lbs
Breaking Factor - Fabric: 10XI0 YARNS/INCH
200.0 1lbs -

Breaking Factor - Coating

30 mil ' 36 mil 45 mil

185.0 1lbs 145.0 1lbs - 120.0 1lbs -
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Elongation at Coating- Break: 20.0 %

Maximum Stress
30 mil 36 mil 45 mil
750.0 psi 640.0 psi 500.0 psi
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APPENDIX D
FLEX SYSTEM LIMITS on INPUT DATA

54

Test ‘(units) | Limits (Lower,Tpper) -

Liner Volatiles Content' (percent) -

Liner Extractables Content (percent)

Liner Specific Gravity (ratio)

Liner Immersion Test Temperature (deg. F or C)
Liner Nominal Gauge Thickness (mils)

E.S.C. Thickness (mils)

E.S.C. # failed (percent)

Carbon Black (percent).

Service Life (years)

Max. Exposure Temperature (degrees F)

(=100, 100)
(<100,100)
(0,3)
(0,250)
(0,250)
(0,250)
(0,100)
(0,100)
(0,100)
(0,250)




APPENDIX E
LINER "Rulebase’ FLOWCHARTS.

! Analysis of HDPE liner

Y

Check for liner : Check for liner - }
inappropriate not resistant
Check for information]: . . o Check for
‘ missing - <"‘ mconc!usive resuits

Any ’liner not resistant’ Any ’hner inappropriate’ -
rules fired? rules fired?

yes ‘ | yes

No evidence of
~ liner deficiencies

- ANALYSI§ COMPLETE | -—




Liner is inappropriate IF:

liner fails
NSF standards

gauge < 60 mils I L

’ carbon black > 5%

80 < gauge < 100 mils
and

minimum tensile strength

at yield < 1750 psi

gauge > 60 mils
and

gauge > 60 mils
and" .
‘minimum elongation
at break < 500 %

gauge > 60 mils -
and
minimum modulus
of elasticity < 80000 psi

80 < gauge < 100 mils
’ and :
minimum tear strength
<40bs

60 < gauge < 80 mils
and

minimum tensile strength

at yield < 2000 psi

minimum tensile strengthf <
‘atbreak < 3000 psi ||

gauge > 100 mils
and..

\ mlmmum tensil‘e strength |

at yield < 1800 psi -

gauge > 60 mils.
and =
minimum elongation

at yield < 10 %

60 < gauge < 80 mils

| and
minimum tear strength

<30 ibs

gauge > 100 mils
| and
minimum tear strength

<50Ibs
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" Liner not resistant IF:

‘environmental stress
crack test is run and

failures > 10 %

evidence of
chemical reaction

56 e ———

evidence of liner
absorbing leachate

evidence of
excessive softening
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~ evidence of |
- chemical reaction IF:

loss in weight

loss in weight at month 4 < 3 %
at mom‘ff'l 4> 3'% ' and loss in-wéight
(excessive weight | predicted by quadratic
| decrease) fit at month 4> 2%

(excessive weight
| .| decrease trend) _
tensile strength at break. - I ——
at month 4 < tensile strength} o S
{ atyield'-before immersion~ =~ — o
| and elongation'atbreak =~ f. | loss.in'weightatmonth]
at month 4 < elongation 4 between 1-3 % and.
at yield before immersion . -loss in tensile strength
| -(brittle failure) at yield at month 4
> § % and loss in tensile
strength at break at

month 4> 10 %

loss In'weight at month|
4 between 1-3 % and
loss In tensile strength
at yield at month 4

| 5% andloss’in- :
elongation at break at
month 4> 10%

loss in weight at month
4 between 1-3 % and
loss in tensile strength
at break at month 4

> 10 % and loss in
elongation at break at
month 4> 10 %
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; gaimin weight at
| month4>5%

| (excessive weight

[ increase)

|

' (swelling)

gain in length at'
month 4> 5 %

evidence of liner
absorbing leachate IF:

gai_q in weight at
| month 4¢5% and

| gain in weight.predictec
by quadratic fit at-
month 4> 3%
(excessive weight
increase trend) -

| gain in width at |

month.4> 5.%.-}-~ month 4>3 % - “month 4> 3 %
(swelling) | (swelling trend) (swelling trend)

gain in length at

month 4 < 5 % and ;
_gain in:,..length predicted
-by quadratic fit at

gain in weight at month
4 between 2-5 % and
loss in tensile strength
at vield at month 4

> 15 % and loss in tensile
strength at break at
month4> 18%

gain in width at
month 4 < § %.and

by quadratic fit at

gain in width predicted]

gain in weight at month
4 between 2-5 % and
loss in tensile strength
at yield at month 4
> 15 % and loss in
elongation at break at
month 4> 18 %

gain in weight at month 4 between 2-5 % and
loss In tensile strength at break at month 4> 18 %
and loss in elongation at break at month-4> 18 %




evidence of |
excessive softening IF:}

loss in elongation at.. . |
break at month.4> 25% .

loss in modulus of elasticity
atmonth 4> 25 %.

loss in puncture strength
atmonth4>25% :

brittle failure not evidenced ‘
and tensile strength at breai
‘at month 4 < tensile strength
at yield before immersion

loss in tensile strength
at yield at month 4> 20 %

atmonth 4.¢< 25:% and

at month 4> 15%

| loss in puncture strength
‘at month 4 < 25 % and
loss in puncture strength

. predicted by quadratic fit

~atmonth 4> 15%

loss in elongation at break |

60

_loss.in.elongationm at break.}... . . ..
predicted by quadraticfit. .} .. .
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results are inconclusive IF:

to run scatter test in parameter data

insufficient information ' | excessive scatter

to run trend analysis ..

insufficient information] : .
trend analysis unsuccessful

the change in weight
predicted By quadratic fit
at month 4> 0 and

the change in tensile strength
at break pﬁedlcted by
quadratic fit at month 4> 0

environmental stress crack test § - environmental stress crack test
ASTM D1693 S | ASTM D2552

is run and gauge of stress crack | Is run and gauge of stress crack

test samples < 0.9 times gauge of o | test samples < 0.9 times gauge of

immersion test samples | immersion test samples




insufficient information
torun scatter test IF
for any parameter:

pure error sum of squares = OJ

OR

data reparted for only, three time periods l

OR

number of time periods for which
data was r’eportqd =
total number of data points
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insufficient information
to perform trend.analysis IF -
for any parameter:

excessive scatter not

present in parameter data

" AND EITHER

residual sum of squares = 0 I

OR

_ thiree data points entered
for this parameter
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information is missing IF: J

no data is entered for the parameter l

OR

no month 4 data is
' entered for the parameter

OR

no-controtdatatis™ " -
entered forthe parameter-

OR

environmental stress crack test ASTM 1693
results are not reported

OR

environmental stress crack test ASTM 2552
resuits are not reported

.OR

carbon black test results are not reported l




65

Analysis of PVC liner

Check for liner

| >

inappropriate

- Check for liner
not resistant

Y

Check for
inconclusive resuits

Check for information o
. . missing o

v

Any 'liner not resistant* "° =
—
rules fired? 1

N

yes

rules fired?

N SR A

fio

Any liner inappropriate’l

yes

No e\)idence of
| liner deficiencies

)

Y

e ANALYSIS COMPLETE I < ——
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[ '
t gauge < 30 mils ,

liner tails '

i NSF standards

lineris expoéed
to sunlight

liner fails temperature/ ,
service life criteria ’

gauge > 30 mils
and :
minimum tensile strength

at break < 2300 psi

gauge.? 30mils. =
minimum elongation
at break < 300% -

gauge > 30 mils
| and
minimum / maximum
. stress < 900 psi

| installation temp.> 170°F I

|installation temp.> 150°F and

- |. est.servicelife.» 1.year .. ..

. | instaltation temp. > 130°F and

T

| S,

est;,,éetvicg:ﬂt.eg 2.5.years.

installation temp. > 120°F and

| (i

est. service life > 3.5 years

30 mils ¢ gauge < 40 mils
and -
- | minimum tear resistance < 8 Ibs

installation temp. > 110°F and
est. service life > 5 years

gauge > 45 mils
‘and- .
minimum tear resistance < 11ibs

|installation temp. > 90°F and
est. service life> 10 yoars | |
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Liner not resistant IF:

|
|

evidence of evidence of liner
chemical reaction

absorbing leachate

evidence of | |evidence of excessivel -
excessive softening | plasticizer loss |




evidence of
chemical reaction IF:

loss in tensile strength at break at month 4 > 10%
- AND '

| 4 loss in elongation at break at month 4 > 20%

R AND
loss in maximum stress at month 4 is not > 20%
AND - ‘

the absolute loss in maximum stress over the

four month period is not > 20000 psi

gain in tensile strength. at break atmaonth4.>.20%
' - AND '
loss in elongation at break at month 4 > 20%
loss in maximum stress at month 4 is not > 20%
the absolute loss in maximum stress over the.
four month period is not > 20000 psi
gain in maximum stress at month 4 is not > 20%
AND -
the absolute loss in maximum stress over the
four month period is not > 20000 psi
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evidence of liner
absorbing leachate IF:

gain in weight a; month 4> 10% J

lass in weight at month 4 >10%
AND
gain in weight at month 4 predicted
by a quadratic fit of weight data> 7%
. AND
the goodness of fit test 3ffor weight data suceeds .

gain in width at 4 months > 15% l

. gain in length at 4 months > 15% l -

gain In thickness at 4:.mqnths »3% I
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10

evidence of ...
excessive softening IF:

[ loss in tensile strength at
| break at month 4 > 10%

i gain in elongation at break
| -at month 4 > 20%

loss in maximum stress
- atmonth 4 > 20%

-or the absolute loss in maximum

stress over
over the 4 month period =~

‘gain in weight at month 4 > 9%
loss in tensile strength at break
|-atmonth'4 > 9%

|

"gain in weight at month 4 > 9%
and gain in elongation at break
atmonth 4> 18%

gain in weight atmonth 4 > 9%
.- and loss in maximum
stress at month 4 > 18%

loss in tensile strength at break

at month 4 > 9% and gain in
elongation at break =

at month 4 > 18%

loss in tensile strength at break
at month 4 > 9% and loss in
maximum stress at
month 4 > 18%

' | gain in.weight at month 4 > 7%

| maximum stress month 4 > 14%

loss i tensile strength at break. - -
‘at month 4 > 9%:and loss
in maximum stress
at month 4 > 18%

gain in elongation at break at
month 4 > 18% loss in maximum
stress at month 4 > 18%

 gain in weight at month 4 > 7%
and loss in tensile strength at
break at month 4 > 7%

gain-in weight at month 4 > 7%
‘and loss in tensile strength at
break at month 4 > 7% |

and gain in elongation at break
at month 4 > 14% and loss in

loss in tensile strength at

| break at month 4 > 7% and gain

in the elongation at break at

month 4 > 14% and loss In
maximum stress at

month 4 > 14%
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evidence of excessive
plasticizer loss IF:

i loss in weight at month 4 > 5%

| loss in weight at month 4 5%
and loss in weight at month 4
predicted by a quadratic fit of
the weight data > 3% and fit
test far the weight data good

gain in tensile strength at break
at month 4 > 9% and loss in

‘ elolgation at break at month 4 > 18%

~|gain in tensile strength at break at |
‘|month 4 > 9% and gain in maximum

stress at month 4 > 18%

gain in tensile strength at break
at month 4 > 10%

loss in elongation at break at
manth 4 > 20%

gain in maximum stress
atmonth4 > 20%.:.. - -
" orthe absolute gainin. - *
maximum stress overthe .. -
- 4 month period

'|loss in elongation at break at month

4 > 18% and gain in maximum
stress at month 4 > 18%

|loss in weight at month 4 > 3% and
|gain in tensile strength at break .
|at month 4 > 7% and loss in elong-

| atiorr at break at month 4 > 14%

loss in width at month 4 > 15% - | maximum stress at month 4 > 14%

loss in length at month 4 > 15%

3 loss in weight at month 4 > 3% and

loss in thickness at month 4 > 3% | | gain in tensile strength at break

at month 4 > 7% and gain in

loss in weight at month 4 > 4%
and gain in tensile strength at
break at month 4 > 9%

Idss in weight at month 4 > 4%
and loss in elongation at break
atmonth 4 > 18%

loss in weight at month 4 > 4%
and gain in maximum
stress at month 4 > 18%

| loss in weight at month'4 > 3% and
| loss in elongation at brealcat -
| month 4 > 14% and gain in maximum

stress at month 4 > 14%

gain in tensile strength at break
at month 4 > 7% and loss in elong-
ation at break at month 4 > 14%
and. gain on mamimum stress
at month 4 > 14%
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results are inconclusive IF:

insufficient information excessive scatter
to run scatter test | in parameter data

insufficient information
to run trend analysis

trend analysis unsuccessfui l

gain m weight at mon’ghz 4 > 10%
loss in'tensilé strength at break at' month’

4not>10%f -

gain in weight at month 4> 10%"
: AND
loss in maximum stress at month 4 Is not > 20%
: : AND :
absolute loss in maximum stress at month 4 is not > 20000 psi

AND .
over 4 month period Is not> 20000 psi-

absolute gain in maximum stress
|

- gain In weight at month 4> 10% _
, AND ,
gain in elongation at break at month 4 not> 20% §




R — for any param eter ——

no data is entered for the.parameter ] |

OR

no month 4 data is
entered for the parameter

OR

no cantrol data’is- ,
entered for the parameter

information is missing IF: 1

OR

OR
Ln‘o exposure to sunlight data l

OR

no maximum exposure temperature I

. No service life data I ;
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Analysis of CSPE-R liner

Y

Check for liner
inappropriate

, o

_not resistant

Check for liner . l

Y

| Check for information | - ’
NN missing. |} .A .| inconclusive resuits - |

Check for

Y

Any 'liner not resistant’ y 'liner inappropriate’
] Y - pprop
, rules fired? rules fired? 3

yes

no | yes

A\

~ Noevidenceof
" liner deficiencies ‘

— = | ANALYSISCOMPLETE | ~—




75

Linér is inappropriate IF: J

linerfails” .
NSF standards

gauge <30mis. }. = —w

gauge>30 mils and gauge < 45 mils

.and liner is supported (6x6 yarns/inch)
and minimum tensile strength

at break < 60 psi

gauge> 45 mils and liner is supported
(6x6 yarns./ inch) and minimum . .
- . tensile strength at break < 90 psi.

gauge =30 mils and gauge < 45 mils-
and liner is supported (8x8 yamns/inch)
and minimum tensile strength
at break.<.120 psi

gauge? 45 mils and liner is supported
(8x8 yams/inch) and minimum
tensile strength at break < 125 psi

gauge> 30 mils and liner is supported
(10x10 yarns/inch) and minimum
tensile strength at break < 200 psi
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Liner not resistant IF: -

evidence of
chemical reacﬁ‘on

“evidence of liner
absorbing leachate

_ evidence of
excessive softening

evidence of excessive} .

plasticizer loss




evidence of
chemical reaction IF:

loss in weight at month 4> 5% I ’

gain in weight at month 4 >5%
AND
loss in weight predicted l;y quadratic fit at month 4> 3%
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| "mvév'id'en'é'é of linevr’ |
. absorbing leachate IF:

gain in weight at month 4> 10% J :

gain in weight predicted by quadratic

fit at month 4 » 5% and quadratic fit

of weight data is good and-loss in tear
resistance at month 4> 20%.

gain in weight predicted by quadratic.

fit at month 4 > 10% and quadratic fit

of weight data is good and loss in tear
resistance at month 4> 20%
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evidence of
excessive softening IF:

loss in puncture resistance at month 4> 30% I

test temperature <35 degrees C
AND
loss in tensile strengthfat break at month 4> 25%

liner supported ..

AND -

- loss in puncture resistance at month 4> 20% -
. AND .

loss in tear resistance at month 4> 20%




insufficient information
to run scatter test

insufficient information}]. .

to runtrend analysis

. results are inconclusive IF:

o e -

excessive scatter
in parameter data

Y. St

“trend analysiSj“unsucéessfut ’ .
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