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HYDROLOGIC EVALUATION OF LANDFILL
PERFORMANCE (HELP)

e | (CAWINDOWS\system32\cmd.exe

HELH

Developed by
Environmental Labhoratory
USAE Waterways Experiment Station
Vickzbhurg, Missziszsippi 39180-6179

for
USEPA Risk Reduction Engineering Lahoratory
Cincinnati, Ohio 45268

Press any key to continue...
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HYDROLOGIC EVALUATION OF LANDFILL
PERFORMANCE (HELP)

= Developed to help hazardous landfill designers and regulators

evaluate to evaluate hydrologic performance for proposed
landfill

= To assist in comparisons of alternative closure cap and bottom
liner designs using water balance calculations and stability
evaluations

= Primary purpose is the comparison of design alternatives as
judged by the water balance for the climate of the particular
site
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HYDROLOGIC EVALUATION OF LANDFILL
PERFORMANCE (HELP)

= Quasi dimensional hydrologic numeric model
= Water balance analysis of landfills
= Water movement across, into, through and out of landfills
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HELP MODEL

= Developed by USEPA

= Developed in 1982 by Paul Schroeder (U.S. Army Engineer
Waterways Experiment Station, Vicksburg, Mississippi)

= Version 1 — 1984
= Version 2 - 1988
» Version 3 — 1994 : Current version of HELP
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HELP MODEL

= Applicable to open, partially closed, and fully closed landfills

= Process description:
= Optional Synthetic Weather Generator (WGEN) by USDA

= Runoff modelling based on USDA Soil Conservation Service (SCS)
curve number method

= Potential evapotranspiration is modeled by a modified Penman
method

= Evapotranspiration is modeled in the manner developed by Ritchie
= Plant transpiration Ritchie
= Vertical drainage Darcy’s law
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HELP

O Geographical area / climate

O Groundwater intrusion

O Season of year, Growing Season

O Use of covers: daily, intermediate and final
O Operational impacts

O Waste composition
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HELP

O Modelling for:

O Active cells
O Intermediate Cover
O Final Cover/ Alternative Cover

O Modelling for:

O Without Recirculation

O With Recirculation

& PARKHILLSMITH&COOPER
H




HELP MODEL INPUT PARAMETERS

e | CAWINDOWS\system32\cmd. exe

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE <(HELP> UER. 3.87

MAIN HMEHU
Enter-~Edit Weather Data

EntersEdit S50il and Design Data
Execute Simulation

Uiew Results

Print Results

Display Guidance

Quit

Fi=Info F2=Help F3=Key= £1l then enter or numbher>=5elect
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HELP MODEL INPUT PARAMETERS

= Evapotranspiration Data
= Evaporative Zone Depth:

= Maximum depth from which water may be removed by
evapotranspiration

= Cannot exceed the top of the topmost liner
= Clay: 12” to 60”

= Silt: 8 to 18”

= Sand: 4 to 8”

= Gravel: Few inches

= Less for surface without vegetation and more for with
vegetation
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HELP MODEL INPUT PARAMETERS

= Evapotranspiration Data
= Maximum Leaf Area Index

= (Leaf area of actively transpiring vegetation) : (area of
land on which the vegetation is growing)

= Bare Ground: 0

= Poor Strand of Grass: 1

= Fair Strand of Grass: 2

= Good Strand of Grass: 3.5

= Excellent Strand of Grass: 5
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HELP MODEL INPUT PARAMETERS

= Evapotranspiration Data
= Growing Season Start Day:

= Day of year when the normal mean daily temperature
rises above 50-55F.

= Growing Season End Day:

= Day of year when the normal mean daily temperature
falls below 50-55

= Normal Average annual wind speed
= Normal Average quarterly relative humidity
= Data available from NOAA climatological data summary
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HELP MODEL INPUT PARAMETERS

e C:AWINDOWS\system 3 2\cmd. exe
WEATHER DATA — EUAPOTRANSPIRATION DATA

Units: 1 LIS TOMARY
2 — METRIC

Mearby GCity nton
State
Latitude

e

]
A
I
IN

Evaporative =zone depth
Maximum leaf area index
Growing season start day
Growing season end day

Average wind speed

First guarter relative humidity
Second guarter relative humidity
Third gquarter relative humidity
Fourth guarter relative humidity

F5 = City Selection for Default Evapotranzpiration Data
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HELP MODEL INPUT PARAMETERS

= Weather Data:
= Evapotranspiration Data
= Precipitation
= Temperature
= Solar Radiation
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HELP MODEL INPUT PARAMETERS

e | C:AWINDOWS\system32\cmd. exe
WEATHER DATA - FILE EDITING

—FILE—

PRECIPITATION C:~HELP
TEMPERATURE C:~HELP
SOLAR RADIATION G :“HELP*

EVAPOTRANSPIRATION G- HELP*

Enter namez for files that you wish to edit,. or PgDn to create new data.

F4 = List Files on Specified Directory
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HELP MODEL INPUT PARAMETERS

d o< C:\WINDOWS\system32\cmd.exe H=E
WEATHER DATA — PRECIPITATION. TEMPERATURE AND SOLAR RADIATION

‘ PRECIPITATION ‘ TEMPERATURE SOLAR RADIATION

CIMN> COF> CLangleys>

Synthetic Synthetic Synthetic

User User User

Create/Edit
MOAR Tape
Climatedata
ASCII

HELPF 2
Canadian

CreatesEdit
MOAA Tape
Climatedata
ASCII

HELPF 2
Canadian

Createsedit
MOAA Tape
Climatedata
ASCII

HELFP 2
Canadian
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HELP MODEL INPUT PARAMETERS

il . C:AWINDOWS\system32\cmd. exe
SYNTHETIC TEMPERATURE DATA

City: DALLAS State: TEHAS
Humber of Years for Synthetic Data Generation
Use Default Hormal Mean Monthly Temperatures YES HNO

Mormal Mean Monthly Temperature (°F)

USER DEFAULT
January 44 .8
February 48 .5
March 6.1
April 65.7
May 73.7
June 82.8
July 86.3
August 85.5
September 8.6
October 6Y.7?
Movemher L5.6
Decembher 47 .8

1.
2.
3.
4.
5.
6.
7.
8.
?.

b ke ok
B = 5
] | ]
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HELP MODEL INPUT PARAMETERS

o | CAWINDOWS\system 3 2\cmd. exe

SYNTHETIC SOLAR RADIATION DATA
City: DALLAS State: TEHAS

Number of Years for Synthetic Data Generation <

Station Latitude = 32_85 Degrees C{Megative for southern
hemiszphere)
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HELP MODEL INPUT PARAMETERS

= Soil & Design Data
= Landfill General Information
= Layer Data
= Geomembrane Characteristics
= Drainage Characteristics
= Site Characteristics
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HELP MODEL INPUT PARAMETERS

e | C:AWINDOWS\system32\cmd. exe
SOIL AND DESIGH DATA — LANDFILL GENERAL INFORMATION

Project Title

Landfill area i
Percent of area where runoff is possible 184 "
Do you want to specify initial moisture storage? (Y- N> N

CIf Mo, the program will initialise moisture
contents to approximately steady—state.?
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HELP MODEL INPUT PARAMETERS

e | CAWINDOWS\system 3 2\cmd.exe

LAYER
TYPE

Alt A=Add Above Alt B=Add Below Alt C=Copy Alt D=Delete Alt M=Move
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HELP MODEL INPUT PARAMETERS

e | CAWINDOWSAsystem 32\cmd. exe

SAT. HYD.
CONDUCTIUITY

| HAAEAA1
-Ban2

1.4 108
% 15151555 515 15505 |G 1%

- Ha8BgBa2

Alt A=Add Above Alt B=Add Below

PARKHILLSMITH&COOPER

Alt D=Delete

Alt M=Move




HELP MODEL INPUT PARAMETERS

& C:AWINDOWS\system32\cmd. exe

GEOMEMEBREANE
PINHOLE DEMSITY

1
1
1
2
4
3

1

Alt A=Add Above Alt B=Add Below Alt C=Copy Alt D=Delete Alt M=Hove
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HELP MODEL INPUT PARAMETERS

e | ICAWINDOWS\system32vemd. exe
SOIL ANMD DESIGH DATA — RUNOFF CURUE NUMBER INFORMATION

Select Method For Computing Runoff Curve Mumber

s l=er Specified Curve Mumber
Modif ied User’s Curve MHumbher
HELF Model Computed Curve MNumbher

USER SPECIFIED CH MODIFIED USER'S CH HELF MODEL CH

SCS8 AMCII CH= 87.5 SC8 AMCII CH= 87.5 Slope=
Slope Length=
Slope= s S0il Texture=

Slope Length= Vegetation=

Program will use a runoff curve number of 87.5

Cursor Tl and press Enter to select method for computing runoff curve numbher
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HELP MODEL INPUT PARAMETERS

e | ICAWINDOWS\system32vemd. exe
SOIL ANMD DESIGH DATA — RUNOFF CURUE NUMBER INFORMATION

Select Method For Computing Runoff Curve Mumber

s l=er Specified Curve Mumber
Modif ied User’s Curve MHumbher
HELF Model Computed Curve MNumbher

USER SPECIFIED CH MODIFIED USER'S CH HELF MODEL CH

SCS8 AMCII CH= 87.5 SC8 AMCII CH= 87.5 Slope=
Slope Length=
Slope= s S0il Texture=

Slope Length= Vegetation=

Program will use a runoff curve number of 87.5

Cursor Tl and press Enter to select method for computing runoff curve numbher
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CHALLENGES WITH HELP 3.01

Operational

= DOS executable program
= Does not run in a Windows or iOS environment

= 16-bit program will not natively work with 64-bit systems (i.e.,
most Windows 7 and more recent systems)

= DOS emulator to install the HELP model
= Windows virtual PC

= DOSBox
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CHALLENGES WITH HELP 3.01

Analytical

= Default Weather Data only available for USA
= Default Weather Data limits to past 50 years of weather
= Considers vertical percolation through waste

= Overpredicts Leachate Generation
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CHALLENGES WITH HELP 3.0T

Leachate Generation vs Prediction
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50000 | ‘ || |
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CHRLLENGES WITH HELP 3.0T

Leachate Generation Comparison
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VISUAL HELP MODEL

= Commezrcial versions:

= Visual HELP — based on the HELP version 3.07, offers a [Microsoft
Windows GUI to view and edit soil profiles and to generate weather
data.

£~ Viousl HELP - [EPA profiled)
file View Project Profile Run Output Window Seftings Help ;
CH|EIDLE ¥ & =% 0 1;,;,,;.”‘ Bl Oct 3200
e O  —
| Project Manager exUSSA | R B g

or Windews S48/ 2000/ %9

= 9 USSR Poadile
® B i Visual HELP
9%, Com Settng: AT \
9 [0 Safacs Wate Sattngs
+ @1 @ Fire 5andy Loam
< 9 'ﬁff':u:rhm!
3 @ b (0 Low Dertity Polpetibens ga
4 o &S (M say Oy | 228
3 @ L] (08 Munscipal Wasts [312 kg/cub ) on
3 ol |8 Swe A
@ 9 {0 Drarage Net (0 5cm] cir
i 9 = (08 High Dernsty Polyetiylens = e24
W o) |08 Fie Sand E s
3 9 Al euy Pubber Rt s s e S VERMDELY
< 9 il Sancy Doy Loam L Ay | -Veon 2202
] oy NrrIARI I Bwdd Oct 32002
5% 250 essi vy
e Pl e s i s e
» p , ight @ - Hydrogealogic Inc.
SIRUEAASIRTRastaatuasatas] | Covrivin ® 19972000 Wetmboe o
o5 Prons (519) 7451733 Fa [519) BE55252
Losrae
ena rdoowpath com Nane Wil
Ly, Compary LAVIean
‘ g SN VHELP-2202-528049739-2002

8oy
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https://www.waterloohydrogeologic.com/visual-help/
https://en.wikipedia.org/wiki/Microsoft_Windows
https://en.wikipedia.org/wiki/GUI

VISUAL HELP MODEL

= Commercial versions
= Developed by Waterloo Hydrologic Software
= Based on EPA’s HELP 3.07

= Windows based
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VISUAL HELP MODEL

= Advantages
= Graphically create landfill profiles of the landfill

Built in International Weather Generator (GIS Based)

Generate reports

Analyze model results using daily, monthly and yearly plots

Built in landfill material database for 42 materials

23 Output [ [=] B3
Eile ¥iew Optons Help

R Q\O\AE?

Selec Solar Fladlahon} Buffalo NY B Year 1

C By days B Year 2
(' By months 200 ::eari
@ ear
By | e i Vear s
180 0 VYear 6
e Yoo = 179 BYear 7
[ g:zgg 1% BYear s
[V veard 130 | B Vear 3
v vears ~ 140 T B Year 10
IV Yeas E 130 T B Year 11
¥ vea7 =120 ! B Year 12
~ =g é 110 | B Year 13
e ’ [ B Year 14
B Years = %12 N 2 i \ B Year 15
 Selection Type < g H 1 ‘ H- 1 H- :q' '.'52251'5
" Custom 70 L i “‘ i i ‘| Tl @ vear 18
€ Group of N elements 80 ; T “ ‘ e T B Year 19
€ Each N-h 50 - : - - - i1 B Year 20
& Select Al 40 AW il I[N | | it
PARKHILLSMITH& COOPER  De.coect 1 e T W VIR -
L. 20 I (1 1 i ([
10 TR0 e Il M |
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VISUAL HELP MODEL

= Advantages
= Graphically create landfill profiles of the landfill

= Built in International Weather Generator (GIS Based)

= Generate reports

= Analyze model results using daily, monthly and yearly plots
= Built in landfill material database for 42 materials

= Disadvantages
= Cost

= US Weather Data
= Validation
= Accuracy
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HELP 3.95D MODEL

" — by Dr. Klaus Berger at the
offers a Ul and includes the model HELP
3.07 and the enhanced model HELP 3.95 D.

& PARKHILLSMITH&COOPER
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https://www.geo.uni-hamburg.de/en/bodenkunde/service/help-model.html
https://en.wikipedia.org/wiki/University_of_Hamburg
https://en.wikipedia.org/wiki/Microsoft_Windows

HELP 3.95D MODEL

= Advantages
= Windows user interface

= Executable in Windows 7 and 8 (32-bit and 64-bit; except maybe for
the starter editions) and Windows 10

= Online help and User Guide in English and in German

= Additional daily weather data and Evapotranspiration can be
synthetically generated for selected locations in Germany

= US and German soil textures

= The model HELP 3.95 D outputs daily, monthly and yearly results as
tables in separate text (ASCII) files

= Disadvantages
= Cost

= Accuracy
= Limited to US and German data

N PARKHILLSMITH&COOPER
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HELP 4.0 MODEL

2 )
»EPA ' HELP Model importv3.07 ‘ ResetAII‘ Evaluate‘ Run HELP Mode

Hydrologic Evaluation of Landfill Performance Model

General Information Edit | Reset Soil & Design Add/Insert New Layers ‘ Reset ‘
Title [ Landfil |
1 Layer to be specified
Address | Main St | 2 Layer to be specified
[ NASHVILLE | TN ] |

Latitude 36.12| (degrees)

Years of Simulation 4 Landfill Area (acres) 12
Units US. standard »| |% Subject to Runoff 100 %

Weather

mport
Data Type Import New Data Status Years of Data
Precipitation @ 30

Imoort
Temperature ® 30

Edit
_Edt |
Solar Radiation  Import| @ 30 Ed
Landfill Parameters |mport @ Edit

[wind speed and humidity]

Runoff Curve Number

PARKHILLSMIT | -

HELP will use the curve number:| 822

Dashboard | About | Main Menu | ®




HELP 4.0 MODEL

SEPA H‘ELP‘ Model e yportva 07 | Resetn | Enum” QmHELPMa)e‘

{ . Soid & Dewgn »
General Information Edt | Resat | Soil & Design m&mmuyms] Russ! | Layer No. 1
Tite Landfil
lA I 1 Layer to be specified 5 8 Layercategory | waste _._] # Standard HELP layer
Address l Main St ] 2 Layer to be specified a " Previously saved custom layer
[(MasHWLLE [ o] | 3 Layer to b specified " New tustom layer
tude 3812 4 L b od =
Latute (36 12] egrees) . isdtnios e Layer descrption | paunicipal S08d Waste (MSW) (900 pcy) |
5 ¢!
Years of Simulation | 4 Landfill Area (acres) 12 6 . Layes type M5W with Channeing
PRE..| T h-Densty Electrc Pant Coal Fiy Ash
Units [ US standard »| | Subjectto Runott [ 100 % Ly Sucheeis Hugnoam Electri Puant Coal azcmmksn
High-Denstty MSW Fiy Ash
Tokat pocosity (volt.an-Denslly Coppes Siag o :
Weather Gl Faold capacty {voivor) 0292 | | Drainage siope (%) |
port Nk s Years of i WIRIng point (vowvol) 0077 | | Leachato recirculstion (%) [~
Precipitation 30 Edr ]
\rpont ‘ Inttiaf moisture (volivol) Recrrulation fo iayer -l
Tempetature | = @ X0 Ede | e —
Saturated hydrauic 1 00E-02 Sutsurtace infiow (Iny) |
Solar Radiation Imoont ® ) Ede conductivity (cms)
Landfill P, r
an arameters ‘lnpon @ EL' C‘ﬂeﬂj Reset J lUDﬁ'lJ
wed spoetd and huaneke
Runoff Curve Number
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HELP 4.0 MODEL

Precipitation Data for NASHVILLE, TENNESSEE Return to Main Dashboard
Year Daily Rainfall (inches) Row

1 0 o 0 0 0 0.2 o 0 0 0 1 Monthly Rainfall Ave_rage
1 0.17 0.02 0 0 0 0 0.01 0 0 0.5 2 {in)
1 0.52 0.19 0.54 0 0 0 0 0.12 0 0 3 January 3.85
1 0.02 0 0 0.22 0 0 0 0 0.1 0.39 a February 4.96
1 0.2 0.26 0.44 0 0.02 0 0.18 0.11 1.15 0.04 5 March 3.83
1 0.5 0 0.62 0 0.02 0 0 0.57 0.07 0 6 April 3.81
1 0.86 0 0.2 0 0 0 0.35 0 0 0.06 7 May 2.63
1 0 0.02 0 0 0 0 0.52 0.99 0.05 0 8 June 4.23
1 0 0 0 0 0 0 0 0 0 0 9 July 5.16
1 0.36 0 0 0.14 0 0.02 0 0 0.01 0 10 August 3.31
1 0 0 0 0.39 0.12 0 0 0.39 0.03 0.11 11 September 3.09
1 0.55 0 0 0 0 0 0.05 0 0 0 12 October 1.94
1 0 0 0 0 0 0 0 0 0 0.96 13 November 2.76
1 0.12 0 0 0 0 0 0 0 0.06 0 14 December 4,86
1 0.36 0.22 0 0 0.74 0.19 0.05 0.71 0 0 15 Average Annual 52.2
1 0 0 0 0.22 1.08 0 0 0 0 0 16
1 0 0.63 0 0 0.31 0.57 0.2 0.37 0.4 0 17
1 0 0 0.46 0 0 0 0 0.02 0.09 0 18 60
1 0.18 0 0.13 0 0 0 0 0.23 0.09 0.2 19
1 0.05 0.58 0 0.18 0 0.02 0.24 0 0.08 0 20 5 0
1 0.04 0 0 0.01 0.1 0.06 0.02 0.04 0 0.17 21 Z: 40
1 0.39 1 0.29 0 0 0.16 0.27 0.09 0 0 22 o
1 0.08 0.47 0 0 0 0 0 0 0 0 23 & 30
1 0 18 0 0 0 0 0 122 0 0 24 = -
1 0 0 0 0 0 0 0 0 0 0.13 25 2
1 0.14 0 0 0 0 0 0 0 0 0.45 26 10
1 0.04 0 0 2.57 0 0 0 0 0.18 1.19 27
1 0 0 0 0 0 0.69 0.6 0 0.49 0.05 28 oo
1 0 0 0 0 0.12 0 0 0.01 0 0 29 Q\@‘“ PR I I P e éﬁpé «
1 0 0 0 0.68 0 0 0 0 0 0 30 SR v c,eé"z S & &
1 0 0 0 0 0 0 0 0 0 0.34 31
1 0 0 0 0 0 0 0 0 32
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HELP 4.0 MODEL

= Advantages
= Windows user interface

= Executable in Windows 7 and 8 (32-bit and 64-bit; except maybe for
the starter editions) and Windows 10

= Weather Data can be directly imported from NOAA

= Disadvantages
= Validation

= Accuracy
= US Weather Data
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HELP 4.0 BETA MODEL SUBSCRIPTION

Max Krause
Thabet Tolaymat

https://www.epa.gov/land-research/hydrologic-evaluation-
landfill-performance-help-model
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