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You are free to use, copy and distribute ADPP. Both the program
and this manual are in the public domain, please distribute them
together.

The United States Bureau of Reclamation makes no warranties,
expressed or implied, including, but not limited to performance,
functionality, accuracy, merchantability, or fitness for any
particular purpose. In no event shall the United States Bureau of
Reclamation or is employees be liable for any damages, direct,
indirect, or consequential, arising from the use of this software.
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Introduction

1.0 Introduction

Agricultural Drainage Planning Program (ADPP) View isamenu-driven computer program that assists
in analysis and design of existing and proposed drainage systems. There are two comporentsto ADPP
View, a Transient-State Analysis Component which is used to compute drain spadngs from field data and
an Uncertainty Analysis Componrent which can be used to evaluate the potential costs and performance of
aparticular drain design a arange of possible drain spadngs.

The Transient-State Comporent uses the Bureau of Redamation Transi ent-State equation to compute
drain spacings. Essentially, the program uses a deep percolation schedule with hydraulic conductivity and
specific yield inputsto adjust drain spadngs so that thefield in question achieves a“dynamic equilibrium”
over the course of ayea with the water table build-up ot exceeding the level specified.

The Uncertainty Analysis Comporent uses Donran's Steady-State Equation to compute the water
table's resporse to inflow from percolation and autflow to the drains to determine the reliability of the
drains. It also uses various equations and the user'sinpu to determine the aost per acre for thedrain design
specified. Both of these methods of analysisare explainedin detail inthe Bureau of Reclamation’ sDrainage
Manual.

Oneway to usethetransient andrisk analysiscomponentsof thisprogramisto developadesignspacing
in the Transient-State Analysis Comporent, and then use this design spadng or range of spacingsin the
Uncertainty Analysis Componrent to evaluate the reliability of the design.

1.1 Hardware and Software Requirements

The most current version of ADPPView runs of a Windows 95/98/NT platform and is best used on
machineswith at least a Pentium processor. No additional hardware or software requirements are necessary.
1.2 Ingtallation of the ADPP View

1. The ADPPView software can be downloaded with the documentation from the Internet web page:

http://www.ids.col ostate.edu/projects/adpp

2. Select the adpp.zip file on the download page and save it to your local system. Y ou may need to
download winzip to uncompressthefileif youdon't dready haveit. Thereisalink provided on the
download page.

3. Savetheadpp.zip fileto your local system and seled the filein Microsoft Explorer by double
clicking on it. Thiswill open the winzip program.

4, Sdect theinstall buttonin the winzip program and follow the instructions in the setup uility.

Version 10 1 Hardware and Sftware Requirements
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Quick Sart for ADPP Mew

2.0 Quick Start for ADPP View

2.1 Starting ADPP View

1. Select Programs> ADPPView >ADPPView from the start menu, the main ADPPView window
will be opened.

2. Select the File > Open option in the main window.

_;}_ADPP - C:\Program Files\ADPPYiew
Model Wiew ‘window Help

Mew Tranzient

MNew Risk.  —

Cirl+0 Upen
Lloze Look jm I 5 Examples
Save Chil+5
Save fz.. i
1 example.tm
2 example. otr

3 D:MProjectsh.. \example. adp
4 D:hProjectsh.. \example. out

Exit

File name: Iexample.tm Open I
Files of lype: ITransient input files [*.tm] j Cancel |

Figure 1: Opening anExample Input File

3. Openthe Projects> ADPPView > Examples diredory by using the look in feature of the Open
Window, seeFigure 1.

4. Select thefilein thisdirectory called example.trn by double clicking the mouse on the file name
in the Open Window. The example transient will be opened in the main window, see Figure 2.
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A+ ADPP - [C:\Program Files\ADPPYiew\E xamples\example_tm]

File Model Wiew ‘wWindow Help ;Iilll
| | @l = | Runl |
Title: [LNESN
"Inrput Mode - lﬁ — Deep Percolation Schedule
g i i English A
el ELED no Maonth | [ray | Deep Perc [in) | Add
. 4 2 1
 Field Data 3 3 1
: I‘I
Permeability I‘I 0 ftéday ; 121 :II ti i el
Man . T. Above Dirain at Mid-spaci |4 ft 8 4 1 Delste |
N ove Drain at Mid-spacing 3 18 1
Dirain to Barrier |22 ft 9 1 1
Plat
Specific Yield K] | |U-1 8 decim —Dl
Dirain R adiuz |1 it
Depth ta the Drain IS it
Existing Drain Spacing ISDD it
AwHC for top 5 ft of Soil |5 it
Comments:
Example taken from the Drainage Manual section 5-7 p.154
| waz unable to determine the drain radiuz from the example data.
Faor Help, press F1 MLk i

Figure 2: Main Window with Transient Input File Display

The Transient-State Analysis Component can be used to oltain a drain spacing based on field and
dee percolation data. A data ched list for this component isin Appendix B. Thischeck listisa
completelist of all thedatarequired for ADPPView to calculate adrain spadng. The main window
displays all the information needed to build atransient-state input file, for specific instructions on
how to use thiswindow, see “ Section 3.0: Transient-State Analysis Component”.

5. Theinpu data can be edited, plotted, and saved as can be seen from Figure 2.

Select the Model > Bench & Bottomlands optionto enter avalue for the Available Water Holding
Capacity (AWHC). Thisinformationwill be used to set the aiteriafor bench and bottomlands, see
“Sedion 53: Model Pull-Down Menu’”.

7. When all the information required is entered, select the M icon a Model > Run Transient
Model.

8. An ouput file for the transient model runwill be creaed and displayed in the main window. For
information an this window, see “ Section 3.0: Transient-State Analysis Component”.

9. Theoutput file will have an “.otr” extension and will be saved into the same diredory asthe input
file. Output can be viewed, plotted, printed, or saved into atext file, see “Sedion 3.7: Transient
Model Output Window™.
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3.0 Transient-State Analysis Component

3.1 Transient-State Drain Spacing

The Transient-State Analysis Component uses the transient-state equation for drain spacing as
developed by LeeDumm, Ray Winger, Jr., and Robert Glover of the U.S. Bureau of Redamation. The
Hooghaudt's Corredion for Convergence is used to account for convergence loss.

The program will cdculate adrain spacing and provide a number of tables summarizing the results of
the cdculation. One of these tables hows projected water table fluctuation wsing adrain spacing computed
by the program or entered by the user.

A datacheck list for this component isin Appendix B. This check list isacomplete list of al the data
required for ADPPView to caculate adrain spacing.

3.2 Runningthe Transient-State Component

1. Click ontheFilepull-down menu, optionswill be displayed for opening and creating rew files, see
Figure 3.

Wiew Help
Mew Tranzient I—
Mew Risk L
Open... Chil+0

1 example.tm
2 example. otr
3 D:MProjectsh.. \example. adp
4 D:hProjectsh.. \example. out

Exit

Figure 3: New File Selection.

2. Select the File> New Transient option and the OK button. For information an the ADPPRisk
option see “Section 4.0: Uncertainty Analysis Component”.

3. A new transient input file editor window will be displayed, as shown in Figure 4.
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File Model Wiew ‘wWindow Help ;Iilll
D | @] runl|
Tite: |
Input Mods — Deep Percolation Schedule
’7 @ Design € Analysis lm Maonth | [ray | Deep Perc [in] |
Add
rField Data
Permeability ID ftéday i |1_
Max . T. Above Drain at Mid-spacing ID ft Delete |
Cirain ta Barrier ID ft
Specific vield flK] ID— decim il
Drain Radiuz ID— ft
Depth ta the Drain ID— it
Existing Drain Spacing ID— it
Comments:
Faor Help, press F1 l_ IW l_ v

Figure 4: New Main Window for Transient Model Inpuit.

3.3 Titlefor Transient Input File

A titlefor theinpu file can be entered hereto document detail srelevant to theindividual user. Thisfield
can contain any text relevant to theinput file and will be saved as part of the input to the model. Additional
comments can be entered inthe Comments sedion of the window andwill also be stored with theinput file,
asshownin Figure 4.

3.4 Input Modefor Transient Input File

Themodel can berunin design mode or analysis mode using the radio butonand it also hasthe option
of using English or metric units, as shown in Figure 5.

34.1 |nput Modes

Design mode isfor a hypotheticd drainage design o to design a new drainage system. The program
uses a deep percolation schedule, hydraulic conductivity, specific yield, and maximum water table above
thedrain to adjust drain spadngs  that the water table reachesa “dynamic equilibrium” over the curse of
ayear, see Figure 6.

From the field data, a determination is made whether to use on-barrier or off-barrier case, based on the
calculation of d/Y , (Y, isthe height of the water table, relative to the drain depth, at midpoint between
drains after each irrigation event and d is the depth to the barrier). If the ratio isless than 0.1, the program
will use the on-barrier case. If theratio is greater than 0.1, the program will use the off-barrier case.

If Analysismodeis selected, it isasumed that the you are eval uating an existing system, therefore the
Existing Drain Spacing is entered drectly. In this case, the model does not determine the “dynamic
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Transient-Sate Analysis Comporent

equilibrium” of the water table, but instead computes the water table elevation.

Note - When the Input Mode is set to Analysisor Design, the input for the other mode isgrayed ou,
indicating that it can’t be entered.

Input Maode
’7(3' Design € Analysis

i~ Field Data

Figure5: Selecting Unit Type and Input Mode.

3.4.2 Unit Type
Y ou can enter your datain metric or English urits, seeFigure 5:

» English - (aaes, feet, and inches)
* Metric - (hedares, meters, and centimeters)

3.5 Field Datafor Transient Input File

All datafieldswill be zeo uress datawere previously entered or viewed. There aethefollowing data
entry fieldsfor the field data, see Figure 6

rField Data
Permeability ID ftéday
Max . T. Above Drain at Mid-spacing ID ft
Cirain ta Barrier ID ft
Specific vield flK] ID— decim
Dirain R adiuz ID— it
Depth ta the Drain ID— it
Existing Drain Spacing ID— it
AWHL for top 5 ft of ol [ T

Figure 6: Fidd Data for the Transient Model.

1. Permeability - Also, called hydraulic conductivity, permeability is how far water can movein a
giventimeperiod. Thisquantity istypicdly cdculated using Darcy’ sLaw, seetheglossary for more
information. This quantity is expressed in feet or meters per day.

Maximum Water Table Abovethe Drain at Mid-Spacing - Used in the design input mode.

3. Drainto Barrier - Thisisthe distance from the drain to an impermeable barrier below and can be
entered in meters or feet.

4. SpedficYield - Thisistheratio of thevolumeof water yielded by gravity drainagefrom asaturated
volume of porous mediato theinitial volume of saturated porous mediaand is entered as afraction.

5. Drain Radius- Thisistheradiusof theinstalled or proposed drain, including d-ain pipe and gravel
envelope.

6. Depth tothe Drain - Thisisthe distance from the ground surface to the drain.

Version 10 7 Field Data for Transient Input File
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7. Existing Drain Spacing - If theinput modeis set to Analysis, the existing drain spacing can be
entered.
8. AWHC for top 5 ft of Soil - AWHC (Avail able Water Holding Capacity) is defined as the

difference between the amount of soil water at field capacity and the amount at wilting pant andis
entered as centimeters or inches.

Note - Thisoptionisonly available if the Bench and Bottomlands seledion is made in the Model
pull-down menu, see “ Section 5.3: Model Pull-Down Menu’” .

3.6 Deep Percolation Schedulefor the Transient Input File

This option can be used to enter the dates and amounts of each deep percolation event, either from an
irrigation or rainfall event.

— Deep Percolation Schedule
Maonth | [ray | Deep Perc [in] |
2

Add

# to add: |1_
Delete |

Plot |

E 1
1

!
4

18
1

W00 0D e e

Figure 7: Deep Percolation Schedule Example.

3.6.1 AddButton For the Degy Percolation Schedule
Y ou can add as many deep percolation events asyouwant by putting the number of eventsto add under
the Add button (i.e. # to add field) and pressing Add, see Figure 7.

3.6.2 DedeteButton For the Deep Percolation Schedule

This button can be used to delete deep percolation events using awindow with the arrent events. To
delete an event seled the event and the OK button in the Delete window, seeFigure 8.
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Transient-Sate Analysis Comporent

Choose Items to Delete E

()8 I Cancel

Figure 8: Deleting Deep Percolation Events.

3.6.3 Plot Button For the Deep Percolation Schedule
Thisoptionwill display agraph that shows the deep percolation schedule, this graph can be printed or
imported into aword processng program, see Figure 9.

i Deep Percolation Events M=l E3
| ) | e i 3R] 4| 4| | me] | wiE||eB] 2| 2(Q

Deep Percolation Events

10—

0.5——

0.6——

Arnount (in)

04—

0.E——

00 | | | | | | | | | | |

Figure 9: Typical Plot of Degp Percolation Shedule.
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3.7 Transient Model Output Window

A+ ADPP - [C:\Program Files\ADPPYiew\E xamples\example_otr]

= File Model Yiew ‘Window Help

B B| | & po|

Computations of Water Table

Test

TRANSIENT-STATE DRAIN SPACING

Permeability (ft-day) = 10.
Specific yvield {percent) =

Drain to barrier (it} = 22.
Hax. W.T. above drain at mid-spacing {ft}) = 4
Drain Radius (ft) = 1
Depth to the Drain (ft)} = 8
Equivalent barrier (ft)} = 20.
Drain spacing {(ft)} = 1393,

Table of Deep Percolation Events

PERICD MONTH DAY TIHE DEEF PER.

1 4 22 1.00
2 6 & 45 1.00
3 7 1 25 1.00
4 7 21 20 1.00
5 g 4 14 1.00
& g 18 14 1.00

Print wia Wordpad Write

Faor Help, press F1

Ezample taken from the Drainage Manual section 5-
I wa=z unable to determine the drain radius from the ezample data.

7

aon

.1an

aon

.oon
.oon
.oon

584
aon

p.154

Done |

| v

il

Help |

[ NOM[ 4

The Output Window has the following options:

Figure 10: Output Window for Transient Model.

1. Plot - Plotsthe output datain agraphing package, as shown on the cver.

2. Print viaWordpad - Opensthe output fil e in wordpad and you can print the output using dfferent

fonts or settings.
Write - Writes atext file.

4. Done - Thiscloses the output window.

Help - Opens a help file for the output window.

Version 10
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Uncertainty Analysis Componrent

4.0 Uncertainty Analysis Component

4.1 Drainage Design Under Uncertainty

The Uncertainty Analysis Comporent usesthevariability inthe datato arrive & areliability for thedrain
design. Thismethod is based onDonnan's Steady-State Equation. The Uncertainty Analysis Comporent
uses two methods to model uncertainty in drainage design. The Risk Analysis Method measures the
uncertainty associated with soil characteristics and the Loss Function Analysis measures the uncertai nty
with different crop characteristics. To give an ideaof the data needed for computing Uncertainty, a data
check list for this comporent (see “ Sedion 7.2: Uncertainty Analysis Comporent Ched Ligt").

There are two classes of uncertainty in drain design problems: the natural spatial variability and
information uncertainty. The natural spatial variability assumes some inherent uncertainty that cannot be
reduced by sampling. Theinformation uncertainty representsthe lack of information, in quantity or quality
or both.

Simple methods have been developed to deal with the uncertainty. To dea with large-scde spatia
variability, fieldsare divided into subareas based on trendsin soil properties. To accourt for the small-scale
spatial variations and informational uncertainty in soil properties, guidelines for drainage design using an
average value & an estimate of soil parameters have been implemented.

1. Click ontheFilepull-down menu, optionswill be displayed for openingand creating rew files, see
Figure 11.

A~ ADPP
Wiew Help

Mew Tranzient

Open... Chil+0

1 example. otr
2 example.tn
3 D:MProjectsh.. \example. adp
4 D:hProjectsh.. \example. out

Exit

Figure 11: New Risk File Selection.

2. Select the File> New Risk option and the OK button. For information onthe ADPP Transient
option see “Section 3.0: Transient-State Analysis Component”.

3. A new uncertainty risk analysisinpu file editor window will be displayed, as siown in Figure 4.

Version 10 11 Drainage Design Under Uncertainty
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A+ ADPP - [ADPPRisk1] M=l E3
= File Model Yiew ‘Window Help _|ﬁ||1|

B B | @] |
Analysis evaluation: IAnaIysis of & range of designs for a certain risk j Units: IMetric j
Uncertainty analysiz option: ILoss function analyzis j

@d Data | Cost Data I Trenching Machines I Analyzis of a Fange of Designs I Loss Function Analysis I \ \
e Model Options

Type of pipe: aztic
Dirain radiusz [r]: ID
Depth ta barrier [d]: ID

Standard deviation of [d]: ID

Hydraulic conductivity of soil [K]: ID \
Standard deviation of [K]: ID \

Recharge rate [Qd]: IU— DaIa Entry
Standard deviation of [Gd]: ID—

J

Faor Help, press F1 MLk v

Figure 12: New Main Window for Uncertainty Risk Analysis Input.

4.2 Uncertainty Risk Analysis M odel Options

There are three seledionsfor overall model options along thetop o theinput file data entry window as
shown in Figure 12.

4.2.1 Analysis Evaluation

There are two ogtions for the type of analysis you want to preform, these options work like toggle
switches only one can be selected at atime:

1. Risk evaluation for a given design - This approach allows you to determine the uncertainty and
risk with agiven drainage designed entered into the data tab sheéds. The Single Design Evaluation
tab will be displayed in the input window, when this option is sl ected.

2. Analysisof arange of designsfor acertain risk - This approach will allow for parameters that
areflexible within a cetain prespecified risk. The Analysis of a Range of Designs tab will be
displayed in the input window, when this option is seleded.

4.2.2 Uncertainty Analysis Option

These options allow you to set a certain reliability for the model or to specify arange of benefits based
on typical mathematical relationships:

1. LossFunction Analysis- Thisoption will display the LossFunction Analysistab for data entry.
2. Risk Analysis- Thisoption will display the Risk Analysistab for data entry.

Version 10 12



4.2.3

Uncertainty Analysis Componrent

Units

All the units for data entry and displaying model results can be set to metric or standard using this
option. The modd does not allow the mixing of unit types.

4.3 Data Entry Tabsfor Uncertainty Risk Analysis

All the datafor thismodel isarranged in tabs for easy entry. Some of the tabs can change depending on
the model options seleded in “ Sedion 42: Uncertainty Risk Analysis Model Options”.

4.3.1

Field Data Tab

Field Data | Cost Data I Trenching Machines I Analyzis of a Range of Designs I Loss Function &nalysiz

=

Type of pipe:
Dirain radiusz [r]: m
Depth ta barrier [d]:
Standard deviation of [d]:
Hydraulic conductivity of soil [K]: 0 mday
Standard deviation of [K]: mday
Recharge rate [Qd]: méday

Standard deviation of [Gd]:

THTr

mday

Figure 13: Uncertainty Risk Field Data Tab

Thistab has the following eight fields and options for field data:

1
2.
3.

Type of Pipe - There are three options for the type of pipe including plastic, concrete, or clay.
Drain Radius (r) - in meters or feet.

Depthtobarrier (d) - Thisisthedepthto animpermeablebarrier in metersor feet. Typically drains
are needed in agricultural lands with an impermeable barrier that does not allow for the proper
drainage of the land.

Standard deviation of (d) - Sincethe distance to the barrier may fluctuate acrossthe field the
distribution can be modeled by using the standard deviationin meters or fed.

Hydraulic conductivity of soil (K) - This should be entered as the best estimate of the average
hydraulic conductivity in the soil in m/day.

Standard deviation of (K) - Thisoption can be used to characterized the distribution o hydraulic
conductivity in the soil.

Rechargerate (Qd) - Thisfield spedfieshow longit takes to recharge the soil after it has been
drained. This value may be different then the rate at which the water drains specified bythe
hydraulic conductivity and can be entered as meters per day.

Standard deviation of (Qd) - Aswith the other parameters the standard deviation d the recharge
rate can be spedfied.

Version 10 13 Data Entry Tabs for Uncertainty Risk Analysis
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3.2

Cost Data Tab

Figld Data Cost Data | Trenching kachines I Analysis of a Range of Designs I Lozz Function Analysiz

I 4 Life of the system: IU— years
Cost of O & M: ID per linear meter

Interest rate to be used: [

' Average of pipe costs |0 per linear meter

" Distribution of various pipe sizes:

Pipe diameter | Pipe cost | Gravel envelope cost | % of lateral |

[

a

10

12

14
LARGER

coooooo
coooooo
coooooo

Figure 14: Cost Data Uncertainty Risk Tab

The Cost Data tab is used to caculate the aost of the drainage system, it has the following data fields:

1

Interest rateto beused - Enter thisvalue asawhole number (i.e. 8 and nd 0.08), thisistheinterest
rate for the loan to huild the drainage system.

Cost of O and M - Thisisthe st that can be expected for the operation and maintenance of the
system per linea meter or foot. This value shoud be entered per year.

Life of the system - Thelife of the system should be estimated in yeas.

Average of pipe msts- Thisisan entered value for the average pipe st per linear meter or foot.
The st for different pipe caegories can be entered by using the distribution of various pipe sizes
by using the next option.

Distribution of various pipe sizes - This option can be used to enter different costs for different
pipe sizes. For each pipe sizethe gravel envelope and dpe wsts can be entered separately. The
percentage should correspond to the amount of total pipe length represented by the different pipe
sizes. The following parameters can be entered:

» Pipe Diameter - The listed pipe sizes are standard and are the only pipe sizes that can be used.
* PipeCost - Thisisthe aost per linear foot for the diameter of the pipe spedfied.

» Gravel envdope cost - This cost can include a higher cost for excavation and gravel.

*  %of lateral - This should be entered as the percent of the total pipe lengths represented bythe
pipe diameter size.
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Trenching Machine Tab

Uncertainty Analysis Componrent

Field Data I Cost Data  Trenching Machines | Analyziz of a Range of Designs | Loss Function Analpsiz

Rate of installation:

meters £ minute

Cost per minute of installation: |0

" Variable Speed

Max depth of installation: meters
Min rate of installation: meters £ minute
Cost per minute of installation:

Slope of depth ws. installation:

T 11

Figure 15: Trenching Machines Uncertainty Risk Tab

Two options are avail able for the trenching machine:

1. Constant Spedl - For the constant speed trenching machine the speed and cost can be entered.

» Rateof installation - This field specifies the rate of the trenching madine in meters/minute.
» Cost per minute of ingtallation - Thisfield specifies the cost per minute of operation and

maintenance of the trenching machine.

2. Variable Sped - Variable speed trenching machines have different speeds and/or costs depending
on the depth of the installation, the following fields can be entered:

*  Maximum depth of installation - Thisfield spedfies the maximum depth the machine ca be

used in meters or feet.

* Minimumrateof installation - Thisfield specifiestheintercept for the linea equation to be used
to determine the cost of the trenching machine based ondepth.

» HYope of depth vs. installation - This field specifies the slope of the linear equation for

determining the cost of the trenching machine.
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3.4 Analysisof a Range of Designs Tab

Field Data I Cost Data I Trenching Machines  Analysis of a Range of Designs | Lozz Function Analysiz

r— Depth Information

Minimum depth to be considered: IE m

Maximumn depth to be considered:

Increment in depth to be conzsidered:

m

m

ID—
ID—
r~ Spacing |nformation
Minimum spacing to be considered: IU— m
ID—
ID—

M aximum spacing to be considered:

Increment in spacing to be conzidered:

m

m

Figure 16: Analysis of Design Range Uncertainty Risk Tab

If the analysis of arange of designs is selected as one of the model options, see “Sedion 4.2.2:
Uncertainty Analysis Option”. There are two sections of fields that can be entered for the Analysis of
Design Range Tab:

1. Depth Information - The following parameters can be used to limit the designs to be considered:

Minimum depth to be considered - Only designs with a depth greater than that entered in this
field will be displayed in the output.

Maxi mum depth to be considered - Only designs with adepth less than that entered in thisfield
will be displayed in the outpLt.

Increment in depth to be considered - Thisfield can be used to spedfy the scde of designsthat
will be considered.

2. Spacing Information - The following parameters can be used to limit the designsto be considered:

Version 10

Minimum spacing to be considered - Only designs with a spacing greaer than that entered in
thisfield will be displayed in the output.

Maximum space to be considered - Only designs with a spacing less than that entered in this
field will be displayed in the output.

Increment in spaceto be mnsidered - Thisfield can be used to specify the scde of designsthat
will be considered.
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4.3.5 LossFunction Range Tab

Field Data I Cost Data I Trenching kachines I Analysis of a Range of Designs  Loss Function Analpsis

Crop name: I
Depth to 'water Table for b aximum Yield: ID meters
Annual Benefits: IU per hectare

Y= b+ BRI 32 + 3]
A0 E: IU 4 IU

Figure 17: Loss Function Range Uncertainty Risk Tab

The loss function analysis cdcul ates benefits derived from irrigation against losses that occur with
inadequate drainage. The loss function is one way to determine the parameters for arisk assessment, the
other optionis to use the reliability of the system and the depth to the water table to calculate a cost. This
optionisdescribed in “ Section 4.3.7: Risk Analysis Tab”, the choice of analysis functionsis set as one of
the modeling options “ Sedion 4.2.2: Uncertainty Analysis Option”.

All curvesrise to the optimal dewatering zonein a parabolic curve with the percent of root zone above
water table (x axis) versus crop yield (y axis). Once atype of loss function hes been chaosen, the program
promptsfor depth to water tablefor maximum yield. For Bureau of Reclamation rojects, the depth to water
tableis 4 feet. On very few occasions and only with very good, data-related reasons does Bureau of
Reclamation allow the water table to belessthan 4feet below ground surfacein design o subsurfacedrains.

1. Theleft curve showsthe percent of root zone above water table (x axis) versus crop yield (y axis).
After the optimum is reached, the yield remains at the optimum as the dewatering zone increases.
Thisrepresentsthe condition when the suppy of irrigation water to the aopsisprovided at frequent
intervals with more aeration for the roats. After the optimal depth is achieved, the deegper depth
increases aeration. With frequent irrigation, the water for the plants comes from downward
percolation and the water table does not contribute to crop water use.

If theleft curve has been chaosen, the coefficients of thelossfunction should be entered. The default
valuefor A is-.500and for B is 1.514. Pressingthe enter key acceptsthese default values. The user
may, of course, use different values for A and B.

2. The middle curve shows the percent of root zone above water table (x axis) versus cropyield (y
axis). Oncethe optimum isreached, the yield declinesto an asymptotic value. This case represents
two posshble aonditions. Thefirst is where there are frequent irrigations applied to a very porous
soil. The water percolates very rapidly to the ground-water table and the time of downward
percolationis not sufficient to med the plant's need, so upward capillary movement is important.
Asthe dewatering zone increases, the water available from upward capillary movement deaeases
and yields decline to that which is supported by the downward percolation. A second condition
occurs with infrequent, intensive irrigation ona soil with high capillarity, such as clay. The
downward percolation takes relatively longer to reach the water table. However, since the time
between irrigation eventsislong, the groundwater becomes an important supply of water for the
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3.

plants at the end of the non-irrigation periods. As the dewatering zone becomes larger, water is
unable to reach the root zone and yields dedine to thase that can be supported by the downward
percolation.

The aurve onthe right shows the percent of root zone éove water table (x axis) versus crop yield
(y axis). Thiscurve representsthe condition d infrequent irrigation onavery porous il wherethe
irrigation water percolates very rapidly to the water table. Groundwater is a main source of water
supfy for the plants. Asthe dewatering zone becomes larger, less and lesswater is available to
sustain the plants.

These curves represent the crop yield based on the depth to the water table and will be used to calculate
alossin crop yields due to conditions in the root zone.

4.3.6

Single Design Evaluation Tab

Field D ata I Cost Data I Trenching Machines I Fiisk &nalyziz  Single Design Evaluation

Spacing to be congidered: m

Depth to be considered: m

1]

Critical depth to water table: m

Figure 18: Sngle Design Evaluation Uncertainty Risk Tab

Thisoptionisused to enter the aiteriafor asingle design, multiple designs can be used by changingthe
model option (see“ Section4.2.1: Analysis Evaluation”) to a multiple design and the Analysis of a Range
of Designs tab will be displayed (see “Section 4.3.4: Analysis of a Range of Designs Tab"). The Single
Design tab has the following data fields:

1
2.
3.

Spacing to be considered - This field specifies the spacing between drainsin meters or fed.
Depth to be considered - Thisfield spedfiesthe depth to the drains in metersfeet.

Critical depth to water table - Thisfield spedfies the depth to the water table that shoud be
maintained by the design.

A single drainage design will be created based onthese three citeria. Thereisalimit to options for the
risk analysis when this optionis slected since multiple designs canna be created, the loss function shoud
be used for the analysis (see “ Section 4.3.5: Loss Function Range Tab").
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4.3.7 Risk AnalysisTab

Field Data I Cost Data I Trenching Machines  Risk Analysis | Analysis of a Range of Designs

Critical depth ta water table: IE— m

& Find a given reliability:
Reliability: IU %

" Produce a table and graph of relisbilty vs. cost:
Minirurn refiability: |0 %
M awimum refiability: |0 &
Increment: 0 4

Figure 19: Risk Analysis Uncertainty Risk Tab

The Risk Analysistab should be used for analysis of arange of designsand not for asingledesign. This
optionis used to enter the criteriafor arisk analysis, loss functions can be used by changing the model
option (see “Sedion 4.2.2: Uncertainty Analysis Option™) to a multiple design and the L oss Function
Rangetab will be displayed (see* Section4.3.5: Loss Function Range Tab”). The Risk Analysistab hasthe
following datafields:

1. Critical depth to water table - Thisfield spedfies the depth to the water table from the surface
that should be maintained by drainage designsin meters or feet.

2. Givenreliability to find - Thisfield specifies the reliability that shoud be maintained asa
percentage of the total (i.e. enter 80 and na 0.8 for 80% reliable).

3. Produceatable and graph o reliability vs. cost -
*  Minimumreliability - Thisfield specifiesthe minimum reliability that should be considered for
adesign to be included.

*  Maximumreliability - Thisfield specifies the maximum reliability that should be considered
for adesignto be included.

* Increment - Thisfield spedfiestheresolution to include designs, for example designsthat were
70%, 80%, and 90%, could be included by setting the increment at 10%.
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5.0 Pull-Down Menus

5.1 Subwindow options

_;}_ADPP - [C:\Program Files\ADPPView\Examples\example.trn]  [H[=] E3

File Model Wiew ‘window Help ;Iilll
Bestore
Iawve p—
Size [N
Minimize
[ Eximize

LClose Cul+F4

Mext Chil+FE

Figure 20: Subwindow Options

For each subwindow in the main window there ae options for managing the window feaures that can
be accessed bythe icon or by using the options in the upper right of each window.

Note - Inpu filewindows can beiconified, displayed in full-view, or closed using the buttons on the
upper right of each window. The horizontal line iconifies a window, the square or double
squaredisplaysthewindow in full or partial view, respectively andthe“ x” symbol closesthe

window. &
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5.2 FileMenu

Model Wiew ‘window Help

Mew Tranzient

r'} ADPP - Transient]

Mew Risk

Open... Chil+0
Lloze

Save Chil+5
Save fz..

1 example.tm

2 example. otr

3 D:MProjectsh.. \example. adp
4 D:hProjectsh.. \example. out

Exit

Figure 21: File Pull-Down Menu for the Main Input File Window.

1. File>New Transient - The new option dsplays ablank transient model input file editor window
in which all the data must be entered by hand or pasted from a spreadsheet program.

2. File> New Risk - The new option dsplaysablank risk analysisinpu file editor window in which
al the data must be entered by hand or pasted from a spreadsheet program.

3. File> Open - When the softwareisinstalled it will create examplefilesin the directory where the
programisinstalled (SeeSedion 20 “Quick Start for ADPPView”). The Open Window can be
used to open transient or risk analysisinpu and autput files. Options for the types of files that can
be opened can be changed in the Open Typefield, see Figure 22.

File name: I

Filez of type: I Trangient Input Files [*.trn) j

Rizk Analyziz Input Files [%.rsk)
Trangient Dutput Files [*.otr]
Rizk Analyziz Output Files [*unc)
Al Files [%.%]

Figure 22: Open Files of Type Option.

There are four types of filesthat can be opened in ADPPView:

e Transient Input files (*.trn) - Inpu files for the transient model.

e Risk AnalysisInpu Files (*.rsk) - Inpu files for the risk analysis model.

» Transient Output Files (*.otr) - Output files for the transient model.

* Risk Analysis Output Files (*.unc) - Output files for the risk analysis model.

Close - Closes the aurrent file with an option to save.
Save - Saves the current version d the inpu file with the same name.

Save As- Thisoption allows youto change the name and location of the file when you save it.
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Save As HE
Save i Ia Examples j | |5 =
example.tm
test.tin
File name: example. by Save I
Save as typer | Transient input files [* tin) j Cancel |

Figure 23: Save As Window

7. Display of Recently Opened Files - Thefilesin the list onthe bottom of the File pull-down
window can be opened by clicking onthem with the mouse.

8. Exit - Exits ADPPView with an option to save.

5.3 Modd Pull-Down Menu

r'} ADPP - Transient]

Fil=: BEGEN ‘iew ‘wWindow Help

m Bun Tranzient Model
Bench & Bottomland

The Model pull-down menu isnot displayed urtil aninpu fileisopened. You can open aninpu file be
seleding Open in the File pull-down menu or you can create a new file by clicking on the icons “ Sedion
5.4: View Pull-Down Menu’. Two options will be displayed for the transient model:

1. Run Transient Model - This option creates a new transient input file, called “Transient1”, the
name shoud be changed before it is saved.

2. Bench & Bottomlands- Thisoption addsan additional inpu field to specify the AWHC (Available
Water Holding Capacity). AWHC is defined as the difference between the amount of soil water at
field capadty and the amount at wilting pant and it is basically the cagpadty of the soilsto hdd
water that would be avail able for plants, see Figure 25. Thisoptionis used to spedfy the first five
feet of soil below the surface of the field being model ed.

Al

Figure 24: Model Pull-Down Menu

ban . T. Sbove Drain at Mid-spacing |+ ft
ft

.

Cirain ta Barrier
Specific Yield K] | 018 decim
Drain Radiuz |1 ft

Depth ta the Drai 8 f . .

R I t Additional Option for AWHC
Existing Drain Spacing ISDD It /
AwHC for top 5 ft of Soil |5 *

Figure 25: Additiond Option for Spedfying AWHC for Bench and Bottomlands Criteria.
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If an uncertainty fileis open, then the menu will show an gption for running the uncertainty model:

3. Run Uncertainty Model - Thisoption runs an urcertainty model using the current inpu file.

5.4 View Pull-Down Menu

Flle HModel Window Help

ml @l v Toolbar
v Status Bar

The View pull-down menu hastwo options, that are toggle switchesto change the ADPPView display:

Figure 26: View Pull-Down Menu

1. View > Toadbar - Thisdisplaysthetool bar with the following options:

New Transient

New Risk  Open File M| B| & &| run] SaveFile Rur\ModeI
| | ey S

Figure 27: ADPP Mew Toolbar

 New Transient Input File - Opens new input file for the transient model.
* New Risk Input File - Opens anew input file for the Risk Analysis model.
* Open File - Opens existing input file.
e Save File - Saves current version of input file.
*  Run Modd - Runsthe arrent ADPPModel inpu file (i.e. Risk or Transient).
2. View > Status Bar - The status bar contains information about the workings of the program and

can be displayed or not depending on the setting of the option. It islocated in the lower left corner
of the main window.

5.5 Window Pull-Down Menu

r'} ADPP - Transient]

File Model Wiew BTN Help

ml @l D’Ml | Mew Window

Lascade |
Tile
Armrange lcong

v 1 Trangient]

Options for the Window pull-down menu:

Figure 28: The Window Pull-Down Menu

1. Window > New Window - This option opens a new window displaying the samefile.
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Note- Thisnew window cannot be seen if the aurrent window is maximized, to view the new window
seled the iconify option (See Section 51 “ Stbwindow options” ).

2. Window > Cascade - If there ae multiplefilewindows open, thisoptionwill cascade thewindows
in the main window.

3. Window > Tile- If there ae multiple file windows open, this option will tile the windows in the
main window.

4. Window > Arr ange I cons - If there are multiple file windows iconified, this option will arrange
theiconsin the main window.

5. Subwindow Selection - The subwindowsthat are aurrently open are displayed al ong the bottom of
the menu and can be selected with the mouse.

5.6 Help Pull-Down Menu

r'} ADPP - Transient]

File Model Wiew ‘window s

ml @l D’Ml nl Run Help Topics

| About adppWiew... B

Figure 29: The Help Pull-Down Menu

The Help pull-down menu option are:

1. Help>Help Topics- Displaysthe on-line version of the help dacumentation. Thison-linehelp file
paralels this document. There isan index and search features available with the on-line help files.

2. Help > About ADPP View - Displays the current version number of ADPPView.
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6.0 Appendix A: Glossary of Terms

This section isintended to provide the user with definitions of terms and units for the datainput to and
output from the program. Many of these are common terms in the ground-water and drainage fields.

ADPP -
Acronym for Advanced Drainage Planning Program

Barrier -
A layer which has ahydraulic conductivity of one-fifth or lessthe weighted conductivity of the strata
aboweit.

Critical Depth to Water -
The eevation below the ground surfacethat the user would like to kegp the ground water below. In
many cases this elevationisthe depth of the root zone.

Deep percolation -
Water which percolates below the root zone and cannot be used by plants.

Donnan’s Steady-State Equation -
The steady-state drain spadng formula generally used in the irrigated areas of the United States.
Donnan'sformulais:

_ 4K(b%-a?)

LZ
Qq

where:
L =drain spadng (L)
K = hydraulic conductivity (L/T)
a = distance between drain depth and barrier (L)
b = distance between maximum allowable water table height between drains
and the barrier (L)
Qd =rechargerate (L/T)
Donnan's formulais valid for any consistent set of units.

Drain radius -
Theradius of the installed drain, including dain pipe and gravel envelope.
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Drainage Manual -
Technical publication o Bureau of Reclamation, Denver, Colorado, which includestechnical policy
guidelines on drain investigations, design, construction, and operation and maintenance.

Hydraulic conductivity -
The onstant of proportionality (K) in Darcy's Law (Q=KiA) that relates the product of the hydraulic
gradient (i) and the cross sedional areathrough which flow takes place (A) to the ground-water
discharge (Q). K isafunction of the porous media andthe fluid flowing through it. Formally called
the efficient of permeability or simply permeability. Contemporary use of the term permeability is
generally reserved for the intrinsic permeability, a porous media property independent of the fluid.

I'rrigation/deep percolation schedule -
Time and amount of water applied to irrigated land for crop requirement and leaching

requirement.

Permeability -
seeHydraulic Conductivity

Qd (rechargerate) -
The steady-state rate at which water is added to the ground-water system. SeeDonnan's equation.
Since Donran's equation is a steady-state solution, the drain ouflow equals the recharge rate and Qd
is aso caled the drainage cefficient.

Root Zone -
The uppermost portion of the soil profilein which the moisture-oxygen-salt balance is favorable for
plant growth.

Specific yield -
Theratio of the volume of water yielded by gavity drainage from asaturated vaume of porousmedia
to theinitial volume of saturated porous media.

Standard deviation -
A measure of the dispersion a spread of numericd datafor the mean or average. Standard deviation
is the root mean square of the deviations from the mean.

Steady-state analysis -
An analysisbased onthe premise that the hydraulic head is constant with respect to timefor all points
in the flow field.

Transient-state analysis -
Analysisbased onthe premisethat the hydraulic head varies with resped to times at any point in the
flow field.

Uncertainty -
There are two classes of uncertainty in drain design problems: the natural spatial variability and
information wncertainty. The natural spatial variability assumes that the soil -water systemisa
stochastic system with some inherent uncertainty that cannot be reduced by sampling. The
information urcertainty represents the lack, in quantity or quality or both, of information concerning
the soil properties.

Water table -
The imaginary surfage in an unconfined ground-water body at which the water pressureis
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atmospheric.

Weighted Average Hydraulic Conductivity (equivalent horizontal hydraulic
conductivity) -
A means of representing alayered system in which each layer has different hydraulic conductivity as
asingle homogeneous layer with asingle (equivalent) hydraulic conductivity. Expressed
algebraically as:

n
Z Kid

K = — .

W iy
2 ¢
i=1

where:

K = the weighted average hydraulic conductivity, (L/T)

Ki = the hydraulic conductivity for interval i, (L/T)

di = the thickness of interval i, (L)

n = the number of depth intervals used to represent the average saturated

thickness (-).
Yo-

Height of the water table at the beginning of each new drain-out period. Y, is measured at midpoint
between drains and is relative to the drain depth.
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7.0 Appendix B: Data Ched Lists

7.1 Transient-State Component Check List

U
U

O 0Oo0o0ooogo

Version 10

Hydraulic Conductivity or Permeability, in feet/day or meters/day.

The maximum allowable water table above the drain at the mid-point of the
drain, in feet or meters.

The distance from the drain to barrier, in feet or meters.

Specific yield, a decimal number.

The radius of the drain, including pipe and gravel envelope in feet or meters.
Depth to the drain in feet or meters.

The number of irrigation and percolation events.

The date of irrigation events in months and days.

Deep Percolation values in inches or millimeters.

If the drain is on the barrier or if the drain is off the barrier.
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7.2 Uncertainty Analysis Component Check List

O

O oo oobogooogo

O O
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Type of pipe, either plastic, concrete, or clay.

The radius of the drain, including pipe and gravel envelope in feet or meters.
The depth to barrier from drain in feet [d], in feet or meters.

Standard deviation of the depth to barrier [d], in feet or meters.
Hydraulic Conductivity or Permeability [K], in feet/day or meters/day.
Standard deviation of Permeability [K], in feet/day or meters/day.

The recharge rate [Q)d], in feet/day or meters/day.

Standard deviation of the recharge rate [Q)d], in feet/day or meters/day.
The interest rate to be used in percent.

Life of the system in years.

Cost of Operation and Maintenance, per linear foot or meter.

Average pipe cost or the distribution of various pipe sizes and costs including
the gravel envelope cost and the percentage of lateral for each size.

Type of trenching machines, either constant or variable speed

For a Single Design Evaluation the data needed are, Spacing to be considered
(feet or meters), Depth to be considered (feet or meters) and the Critical Depth
to Water Table (feet or meters)

For an Analysis of a range of designs for a certain risk the data needed are the
maximum and minimum depth to be considered along with the increment of
the depth; the maximum, minimum and increment of a spacing; and a
reliability, crop type and annual benefit of the crop.
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