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Introduction

The Oregon Animal Waste Management(ORAWM) design aid is a tool that allows a planner to input resource inventory information gathered for an animal feeding operation to analyze the production, storage, application and utilization phases of an animal waste management system.  The ORAWM design aid is intended to allow a planner to quickly develop alternatives for animal waste management systems to discuss with the client.   Once the client selects an animal waste management system to implement, the ORAWM design aid provides the necessary information to design the waste storage facilities and develop nutrient budget specifications for the crops grown and determine the amounts of manure and organic materials to apply in accordance with the nutrient budget specifications.

The ORAWM design aid provides design information for the following NRCS conservation practices:

· 313- Waste Storage Facility.

· 590- Nutrient Management. 

· 633- Waste Utilization.

The Office 97 Version of the Microsoft Excel spreadsheet program was used to develop the ORAWM design aid. 

Other Tools 

AWM is a planning tool used to estimate the production of waste materials within an animal feeding operation and determine the size of storage/treatment facilities. The process and calculations used in AWM are based on the USDA-NRCS Agricultural Waste Management Field Handbook.  AWM will determine the volumes of waste produced, managed in the treatment/storage system, and produced during specified periods. However, AWM does not track mass or concentration of nutrients nor does it address rates for land application or other utilization alternatives. 

AWM can be downloaded from the NRCS internet site at: 

http://www.wcc.nrcs.usda.gov/water/quality/common/wastemgmt/awm.html

Manure Management Planner (MMP) is a Windows-based computer program developed at Purdue University that is used to create manure management plans for crop and animal feeding operations. The user enters information about the operation's fields, crops, storage, animals, and application equipment. MMP helps the user allocate manure (where, when and how much) on a monthly basis for the length of the plan (1-10 years). This allocation process helps determine if the current operation has sufficient crop acreage, seasonal land availability, manure storage capacity, and application equipment to manage the manure produced in an environmentally responsible manner. MMP is also useful for identifying changes that may be needed for a non-sustainable operation to become sustainable, and determine what changes may be needed to keep an operation sustainable if the operation expands. 

The Manure Management Planner(MNP) can be downloaded from the Purdue internet site at: http://www.agry.purdue.edu/mmp/

Components of the ORAWM Design Aid

The Excel spreadsheet for the ORAWM design aid is broken into seven worksheets within the ORAWM workbook. 

The first worksheet listed in the ORAWM workbook is the worksheet tab labeled ReadMe that summarizes information about the workbook that the user would need in order to use the workbook.  There are no inputs required by the user in the ReadMe worksheet.
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The second worksheet in the ORAWM workbook is the worksheet tab labeled Inventory.  In this worksheet the user enters the inventory information collected for an animal feeding operation. Agronomy Technical Note 20 contains a field inventory form that outlines the type of data [image: image16.png]®)Ele Edt Yew Insert Format odk Dats Window Help

y 5 < D E 3 S ] T ] 3 T 0 W S 3
1]  cuenrJoRAWM 1

2| ASSISTED BY.: Bruce Wilson. CHECKED BT

5

4 ANIMAL WASTE MANAGEMENT SYSTEM PRODUCTION

s

6

7 |MONTHLY VOLUMES

s FoofT i Cabi Fast

s Pared | Unpaved | Siege PR

10 Roof Area | Sk Area | Lot dres | Surfece | Fusilty Mare Totd | Totd
1 Saare Feet | Saqure Feet|Saqure Feet| Ares, SF | Wter Use [ Solids | Liguds Bediing Solds Separted Solds in Liguids Soids | Liids
12 Month 0 | 5000 | 72195 | 590 | Cubi Fust | Cubic Fust | ubic Fast [ i st |_Pourds | G Fest | Ponmde | Gubic Fast | Pounts | Cubic st | Cubic Fat
13 Getoe] o zaml  sanl  tan| 1500 ass| ool apeo| sezes| ssel lesioel  sasi| owaml  asl| saso
16 Wovenber o Sans| ssar] ase| 1asea| aoms| slasa| sl selel| 5ol alasi]  sswl 2esoss|  s2m0] sasss
15 Decenber of S| als] Leod| 15015 asa| oo spail Topeer| sass| zovsoal  ais| 2saom|  Sae] swoe
18 P of s eoes| Leso| 15015 a5a| 0o ol lngeer| sass| zovsoal eis| zsaoa|  sasel esiza
17 F o a7m] assal ase| 1L7se| a0ss| asms| assa sassi| aois| zonaml  sseal zaisis| asiol ssim
18 M o a0 sais] e[ 15013 45| sasoe] soal| Togeer| sess| zavsos| loa| asaaal|  sass| saanl
13 gl o 26wl 22ml 12| 1254 asm| sloe| sl oslell sl aiases]  som| eaoss| sz ssiso)
2 M o 200l sl 907 13015] a.53| zoe] apeo| ageo| sl lemios]  sas| oenasol asal| saam
2 une o L] Lies e lasoi[ aams| slos7] aoio] easa| Lios| 7a01s| aess| zmeans|  Liss| asii
2 e o[ sm o of 1015] asaa| 2005 sis| ea0s| L] raala] azes| osesea| 1235 a7
2 gt o ] o a2 15003 4| sao06]  alo] eepes| 1z3s| vwats| azes| gmsses| Lass| asoia
2 [ Septenber] o Lol 2pes| 1ol 12504 azme| sizer| 3010 eaom| Lies| 7015  4gas| 2mams|  Liss| siass|
25 Annval o sesse| ssass| o] tsszee] 5oses| seosws| sesre| oessas] #3399] tmeetc0| es909] sosszes|  4ssss| erais
x5

7

S

23 [DAILY NUTRIENT PRODUCTION

Y PoundsiDay of Nutient from | PoundsiDay of Nutientsfrom | PoundsiDay of Ntrient from

3t LiQuDS SOLIDS GRATING.

32| Type of Amimal W peos | ko W pos | ko W] pos | Eo

33 [FILEER. Si7sz| Ussi| oL | Sew3| onsi| 7z | Srase| Lmas| aeay

34 [MILKER (DRY) 630 20| ass| s 60| lass| 25a] sm| 1w

35 [HELFERS (12-24 Months) 43| 1m| 4o | 1m| 57| pea| 1| sis| ez

36 [CALVES (1-12 Months) 097 02| o] 2o oss| am| sm| 15[ se

2 000 000| oo0] ooo| noo]| ooo] om| om| oo

E 000 000] o00] ooo| noo] omo] om| om| oo

3 000 000] o00] ooo| noo] omo] om| om| oo

a 000 000] o00] ooo| noo] omo] om| om| oo

a 000 000] o00] ooo| noo] omo] om| om| oo

2 oo0] 000] oo0] ool non] ooo] om| om| oo

f

a

as

45 |MONTHLY NUTRIENT PRODUCTION =
474> pI1\, Readve { Tnventory Production { Storage £ Application /_ Ulization /_Nutrient Budget / [ Dim




needed for input into this worksheet.

The third worksheet in the ORAWM workbook is the worksheet tab labeled Production.  The Production worksheet displays the volume of waste produced in the liquid, solid, and grazing form and the amount of nutrients produced on a monthly basis.   No inputs are required in the Production worksheet. 
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The fourth worksheet in the ORAWM workbook is the worksheet tab labeled Storage. The Storage worksheet is used to size the solids and liquids waste storage facilities.  The Storage worksheet can be used to size a solids storage facility, a tank and a waste holding pond based on inputs provided by the user.
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The fifth worksheet in the ORAWM workbook is the worksheet tab labeled Application.  The Application worksheet is used to compute the application rates for liquids and solids based on the concentration of nutrients in the storage facilities and amount of nutrients needed to grow the crops listed on the Inventory worksheet.  Losses based on storage, application and denitrification should be checked in the Utilization worksheet before using the Application worksheet.
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The sixth worksheet in the ORAWM workbook is the worksheet tab labeled Utilization.  The Utilization worksheet is used to determine losses of nutrients from storage, application, and denitrification.  The Utilization worksheet is also used to allocate nutrients and compute a nutrient balance based on the nutrient uptake of the crops entered on the Inventory worksheet. 

[image: image20.png]®)Ele Edt Yew Insert Format Todk Dats Window Help

= 3 T T 3 £ = G} T T 3 T ™ T T 3
CLENT. ORAWM
ASSISTEDEY. Bruce Vilson CHECKEDEY:

ANIMAL WASTE MANAGEMENT SYSTEM APPLICATION

o
5 [MANAGEMENT CRITERIA FOR TRACTOR SPREADER APPLICATION OF SOLIDS
1 [Tospph 43,359 cubciecof soldsgreaediiom h oprao ok Sprsima ey T8 gl Bvdon e [TeaE =
1|t onsi t s sppleston et el oot e e Ut belowtor eshrcp.
3 Nomberar T
i NITROGEN.N | Poundzof | Applostons Lengn
" Tt spesder | Spesa Concenvaton | Navknis | Needea | ohesos | pertosd
15 |Fia Capatiy o inStorgePacity obe | tomest | Solas | Needeain | Lostsper
o jmsee | aves | o G| G | Fe [ e | 0o | sppies | cioplpise | tonpph | Feet | e
| 5 792 | Com,Siagelub) wo] w| 5.015 130 200 116 04 143 7
] o0 | 163 |oionwdGrsssHayeame o] | w sos |30 200 ] o ]
n
=
2
=
=
o
=
=
i
=
=
30 MANAGEMENT CRITERIA FOR BIG GUN SPRINKLER APPLICATION OF LIQUIDS
51 Tooply 5.042.875 galons o e genrted o cprationt wilake spprcamatl T80 e o pamping el Basedon Aoy [ATeoGen =
52| onsri i s e splcaton deptv, et imes, v e ed el or achciop
) Pottoner Nomberer
a eved NITROGEN.N | Poundzof | Applostons
= spinter | vetea | Dimeter Concenvaton | Navknis | Needea | otesor | gploston | SeTime | TrvetPate
30 {Fi Flouwss | ismeter | Rosong | _inStorage Pty lobe | tomest | Linids | e | Nesdedin| Nesdedh
limbee | aves | oop Gew | ree | towss | eem | iosnuniG] appies | copUpite | oAoph | mohestow | tows | emutaiue
] 15 | 12 [Comsigetn 200 |50 [weciee | e 00 2ol on P T Y
w9 o0 | 163 |oionwdGrsss e 200 |50 [swciae s | aer 00 sl on ool ] o
)
"
©
“
"
"
0s
a
£
i

44> [MII\, Readie £ Tnventory /. Production £ Storage Application { Ufiization £ Nutrient Budget /'

[l






The seventh worksheet in the ORAWM workbook is located in worksheet tab labeled Nutrient Budget.  The Nutrient Budget worksheet is used to develop a nutrient budget for the crops listed on the Inventory worksheet.
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There is an eighth worksheet contained in the ORAWM workbook that contains all of the information used in the drop-down list boxes.  The eighth worksheet is the Resource Data tab that is hidden because the data it contains is loaded into other worksheets as needed for the user to access.

Additional Information

A detailed description of the computations and data that the ORAWM Design Aid uses to determine the volumes of waste and amount of nutrients produced are contained in the Agricultural Waste Management Field Handbook(AWMFH) which is part 651 of the NRCS National Engineering Handbook.  Some of the data in the AWMFH has been revised to reflect information generated by research or field studies conducted by Oregon State University on farms in Oregon and may not be appropriate for use in other states.

Instructions for Using the ORAWM Design Aid
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The ORAWM Design Aid is available for downloading off of the Oregon NRCS ftp site that can be accessed using a web browser or ftp software at the following URL: 

ftp://162.79.125.60/pub/eng/DesignAids/ORAWM/
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The file is ORAWMExcel.exe, which is a self-extracting WinZip file that defaults to the C:\ORAWM directory when unzipped. The user can redirect the unzipped file to a directory of choice simply by changing path indicated by the WinZip software.

[image: image24.png]Microsoft Word - ORAWME xcel =18l x]

Tt 5 o o o P T T

=lsix]

loza(aryl:

ites Tools Help

B oo A ARz R o -lal
[ P rexe .m

]

C > @ | % 2w | X & .
ot Un | BA Cay e | Unde | Dol Puetes Vews
e ER Hodted e =]
B G Tenbocmen 12058528
Frioaps 1B Moo Word Do 11/16/58 125 A
3 e st 2B Moo Excel. B24/% 515 A
33 oupons St Crad . 1I26KE Moo Evcel. 20220 75 A u
33 e P it 1S i e 321/ 313 u
Qo inip SeltEnractor - DRAWMEscoLexe [ 127217 55300
Corsction arisenn
S Tour e n SRAWME el e o e
2 D ‘e es e Unp uen w2 454 A
aupment 3/19/01 806 PM A
& rote FunWirZip
Qo Vi 1o o LA e u
Dt £ e T— S Ny | VAN s
33 ison [ —— el e &
& LeTrens o {onsion asaeu u
33 e ot o 241 P &
23 Oregon Natural Rssoucs 4701 228 P A
3 o 2o o v u
& Plans 3/00 7428
3 P B Pra IRy BESKE Wil v 3901012 u
S s viane 2B Moo Word Do, 340 51 P u
33 s Erand sty BB Moo Evcel. 10719758 55 P
33 St Dae || Sronct . 7B Moo Evcel. 1/28/10 525 P
. ik
1 obiect(s] selected [614K8 | ) My Computer
Trom the NRCS Oregon State Ofiice FTP Sife.at
f1p:Hfp.or s usda govipub/soilisci/ -
B
B
=1
3
o b & | ostpes- N NOOE 4| &-L-A-==20@)|
[Page s 5ect oz |4 e coel e [ B o e T Ol

ARstart| | @ 59 8 (A 5] || £5systemsoft Ca..| [ Address Book .| By Misrasolt Wor.. | 3 Mictosot Exce... (3] Exploring - | [wirzip Se-Ex |6 B EEQ 2287M




[image: image25.png]|®1Ele gt view Insert Format ook Dats Window Help

Open [21x]
Locki:  [3 oRawm

Open

Cancel

9 advanced

17 Find Fles thet match these search crteia
18 File pame: =] Text or property;

o e of e [root Excelries ] totudted: [ryime

21 |1 file(s) Found

1[4 ¥\ Sheet1 {Shestz £ Sheets 14l e ﬂr‘




Once the ORAWM Design Aid workbook file is unzipped, it can be loaded into Microsoft Excel program by using the File Open utility within Excel.  When loading the ORAWM Design Aid workbook file into Excel the program will prompt the user whether or not to disable or enable macros contained within workbook.  The user will have to click on “Enable Macros” box in order to utilize the computational functions of the workbook.  Next the program will prompt the user whether or not they want to open the file as “read only” or not.  The user should always open the file as “read only” in order to preserve the integrity of workbook for future use.

The user should access the File Save As utility to save the workbook to filename that identifies the animal feeding operation the user is providing assistance to, this can be the name of the operation or the client’s name.
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In order to properly analyze the production, storage, application and utilization phases of an animal waste management system, the user is required to input information on the appropriate worksheet within the ORAWM Design Aid workbook.  Input cells are indicated by cells with bold red alphanumeric characters on a gray background.  Computed values by the workbook are indicated by cells with blue numeric characters on a white background.  Data extracted from the Resource Data worksheet are indicated by cells with black alphanumeric characters on a white background or cells with bold red alphanumeric characters on a gray background if the data can be edited.

Inventory Worksheet Inputs

Once the workbook is loaded into the Microsoft Excel program and saved to working filename, the user is ready to input information into the Inventory worksheet.  
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Client: Enter the client’s name or the name of the animal feeding operation in the appropriate cell.  

Assisted By: Enter the user’s name in the appropriate cell.  

Checked by: Enter the person’s name that checked the user inputs in the appropriate cell.  

Milk Production in Pounds/Cow/Day  This input cell on the Inventory worksheet is only for milking cows associated with a dairy.  For this type of animal the worksheet uses data developed by Professor Jack Van Horn with the University of Florida that relates the amount of nutrients and the volume of manure produced to the milk the animal produces in pounds per cow per day.  If the user selects another type of animal to replace the MILKER type, a built in macro will clear this input cell out of the worksheet.  If the average milk production of the milking herd is unknown use the default value of 70 pounds per cow per day otherwise enter the average milk production of the milking herd in pounds per cow per day.

Type of Animal  Use the drop-down list boxes to select the type of animals the animal feeding operation is based on.  Up to ten different animal types can be selected based on the animal types listed in the Resource Data worksheet.

Number of Animals  Enter the number of animals for each animal type selected in the appropriate cell.

Average Weight (lbs.)  Enter the average weight of each animal type selected in the appropriate cell.
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 Grazing Period

The next inputs the user should make deal with the percentage of time animals are grazed during each month of the year.  For most dairies that pasture the milking herd, they are on the pastures 75% to 85% of the time during a month.  For operations that are a total confinement type of operation and never graze their animals, the animals are on the pastures 0% of the time.  The number of animals can be reduced if the operation removes some of the animals from the operation during certain times of the year.  This action will cause the nutrients and manure generated from these animals to be shown in the off farm section of the Production worksheet and the off farm grazing nutrients section of the Utilization worksheet.  Enter the percentage of time the animals are on pasture, the number of animals pastured and the total AUMs available in the appropriate cells.
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Weather Station  Use the drop-down list box to select the weather station that best represents the location of the animal feeding operation based on the weather station data stored on the Resource Data worksheet.  The 25 year-24 hour storm precipitation, normal precipitation, normal evaporation, paved and unpaved runoff values may be edited if local data is available or if the stored data does not accurately represent the climatic data for the animal feeding operation being evaluated.

Areas contributing runoff to liquid storage facility  Enter the paved lot area, unpaved lot area, roof area and surface area of the silage storage facility in the appropriate cell if their surface area contributes rainfall runoff to the storage facility. Select the appropriate condition from the drop down box that indicates whether or not paved areas contributing runoff are scraped daily which changes the runoff factor depending an whether a “Yes” or “No” is selected.  Select the appropriate condition from the drop down box that indicates whether or not seepage from the silage storage facility enters the liquid storage facility or not. 

Water use that enters liquid storage facility  Enter the number of animals, number of washes per day and the gallons of water used per wash for animal washwater, equipment washwater, flushwater and miscellaneous washwater in the appropriate cells.  The number of animals entered only affects the total washwater produced from washing animals.
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Crop data  Using the drop-down list boxes, select the types of crops grown that will utilize the nutrients and organics produced from the animal feeding operation.  Also enter the field number, acres and target yield for each crop selected in the appropriate cells.  Data for an off-farm crop can be entered as well but is not necessary to complete the evaluation of the animal feeding operation.

Bedding volume  Using the drop-down list boxes select the type of bedding facility and bedding material used for each type of animal listed.  Default data will be listed for the unit weight and the amount needed will be listed based on the data stored on the Resource Data worksheet.  The volume of bedding in cubic feet per day per animal unit is computed based the bedding unit weight and amount needed.  The bedding unit weight and amount needed can be edited so the computed bedding volume reflects the actual volume used for the operation or the actual volume of bedding used in cubic feet per day per animal unit can be entered in the appropriate cells.
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Solids separation factor  Use the drop-down list boxes to select the type of separator system used for each type of animal listed.  The default separation factors and density of separated solids will be listed base on the stored data on the Resource Data worksheet.  The separation factor and density of separated solids can be edited for each type of separator as appropriate to better represent the separation and density of the solids separated for the animal feeding operation being evaluated.

Production Worksheet Inputs
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No inputs are needed on the Production worksheet.  The production worksheet summarizes monthly volumes of runoff, facility water use, bedding, total solids and total liquids.  It also summarizes daily nutrient production for liquids, solids and grazing and monthly nutrient production of liquids, solids, grazing, off-farm, and for all sources.

The information on the Production worksheet is used on other worksheets within the workbook.

Storage Worksheet Inputs
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The Storage worksheet automatically updates computed data in the worksheet after every entry by running a macro containing visual basic subroutines for sizing storage facilities.  If an error is generated while entering information, the macro will have to be reset so updates to computed data can be made.
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Solid Stacking Facility

The Storage worksheet will compute the length needed for the planned solids storage facility based on the following inputs:

Storage Period, Days=  Enter the storage period for the solids storage facility planned in the appropriate cell.   Starting on page OR-10-26(1) in the NRCS Agricultural Waste Management Field Handbook(AWMFH) is a procedure that can be used to document storage times for waste storage facilities.  If the storage period determination procedure in the AWMFH is not used, the storage period must be justified in the documentation for the storage facility design.

Stacking Width, W in Feet=  Enter the planned storage width of the planned facility in feet in the appropriate cell.

Stacking Height, H in Feet=  Enter the planned storage height of the stacked solids in feet in the appropriate cell.

Wall Height, h in Feet=  Enter the planned wall height of the storage facility in feet in the appropriate cell.

Stack Side Slope (X:1)=  Enter the planned side slope in the appropriate cell for the stacked solids as a ratio of feet horizontal for every foot of rise vertically.

Existing Storage,  Cubic Feet=  If there are existing solids storage facilities, enter the volume of the existing facilities in cubic feet in the appropriate cell.  If there are no existing solids storage facilities, enter 0.

Surface Area of the Existing Storage, SF=  If the existing solids storage facilities are not roofed, enter the unroofed area of the existing solids storage facilities in square feet in the appropriate cell.  If the existing storage facilities are roofed or there are no existing solids storage facilities, enter 0 in the appropriate cell.

Is Facility Covered?  Use the drop-down list box to indicate if the planned solids storage facility will be roofed(Yes) or unroofed(No).

Note:  If the volume of the stacking facility seems excessive for the operation being evaluated, the stacking height and the wall height should be reduced to reduce the size of the facility.  

The worksheet will place “0”s in the stacking width, stacking height, wall height, stack side slope, and design volume cells if existing storage facilities have adequate capacity to store the solids produce during the storage period entered.
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Tank

The Storage worksheet will compute the depth needed in feet for the planned tank liquid storage facility based on the following inputs:

Storage Period, Days=  Enter the storage period for the tank liquids storage facility planned in the appropriate cell.   Starting on page OR-10-26(1) in the NRCS Agricultural Waste Management Field Handbook(AWMFH) is a procedure that can be used to document storage times for waste storage facilities.  If the storage period determination procedure in the AWMFH is not used, the storage period must be justified in the documentation for the storage facility design.

Tank Dimensions?  Using the drop-down list box select the type of tank, Circular or Rectangular, that is planned for liquids storage.  If the type of tank selected is rectangular the worksheet will run a macro to change the appropriate cells to indicate the input dimensions will be length and width instead of diameter.

Tank Diameter, Feet=  If the type of planned tank is circular, enter the planned tank diameter in feet in the appropriate cell.

Tank Width, Feet=  If the type of planned tank is rectangular, enter the planned tank width in feet in the appropriate cell.

Tank Length, Feet=  If the type of planned tank is rectangular, enter the planned tank length in feet in the appropriate cell.

Existing Storage, Cubic Feet=  If there are existing liquid storage facilities, enter the volume of existing liquid storage facilities in cubic feet in the appropriate cell.

Surface Area of Existing Storage, SF=  If the existing liquids storage facilities are not covered, enter the uncovered area of the existing liquids storage facilities in square feet in the appropriate cell.  If the existing liquid storage facilities are covered or there are no existing liquid storage facilities, enter 0 in the appropriate cell.

Is Tank Covered?  Use the drop-down list box to indicate if the planned liquid tank storage facility will be roofed(Yes) or unroofed(No).
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Waste holding pond

The Storage worksheet will compute the depth, top width, top length needed in feet for the planned waste holding pond liquid storage facility based on the following inputs:

Storage Period, Days=  Enter the storage period for the waste holding pond liquid storage facility planned in the appropriate cell.   Starting on page OR-10-26(1) in the NRCS Agricultural Waste Management Field Handbook(AWMFH) is a procedure that can be used to document storage times for waste storage facilities.  If the storage period determination procedure in the AWMFH is not used, the storage period must be justified in the documentation for the storage facility design.

Side Slope (X:1)=  Enter the planned inside side slope in the appropriate cell for the planned liquid waste holding pond as a ratio of feet horizontal for every foot of rise vertically.

Bottom Width, BW, Feet=  Enter the planned bottom width in feet of the planned liquid waste holding pond in the appropriate cell.

Bottom Length, BL, Feet=  Enter the planned bottom length in feet of the planned liquid waste holding pond in the appropriate cell.

Accumulated Solids Duration, Years=  Enter the years of additional storage required for accumulated solids for the planned liquid waste holding pond in the appropriate cell.  It is recommended that at least 1 foot of solids storage be included for planned waste holding ponds to provide minimal storage for solids accumulation and to protect any lining materials that are to be installed.

Existing Storage, Acre Feet=  Enter the volume in acre feet of any existing liquid storage facilities in the appropriate cell.

Surface Area of Existing Storage, SF=  Enter the uncovered area in square feet of any existing liquid storage facilities in the appropriate cell.  If the existing liquid storage facilities are covered or there are no existing liquid storage facilities, enter 0 in the appropriate cell.

Evaporation pond
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The Storage worksheet will compute the depth, top width, top length needed in feet for the planned evaporation pond liquid storage facility if there is adequate evaporation based on the following inputs:

Storage Period, Days=  Enter the storage period in the appropriate cell for the evaporation pond planned.   Starting on page OR-10-26(1) in the NRCS Agricultural Waste Management Field Handbook(AWMFH) is a procedure that can be used to document storage times for waste storage facilities.  If the storage period determination procedure in the AWMFH is not used, the storage period must be justified in the documentation for the storage facility design.

Side Slope (X:1)=  Enter the planned inside side slope in the appropriate cell for the planned evaporation pond as a ratio of feet horizontal for every foot of rise vertically.

Bottom Width, BW, Feet=  Enter the planned bottom width in feet of the planned evaporation pond in the appropriate cell.

Bottom Length, BL, Feet=  Enter the planned bottom length in feet of the planned evaporation pond in the appropriate cell.

Accumulated Solids Duration, Years=  Enter the years of additional storage required for accumulated solids for the planned evaporation pond in the appropriate cell.  It is recommended that at least 1 foot of solids storage be included for evaporation ponds to provide minimal storage for solids accumulation and to protect any lining materials that are to be installed.

Existing Storage, Acre Feet=  Enter the volume in acre feet of any existing liquid storage facilities in the appropriate cell.

Surface Area of Existing Storage, SF=  Enter the uncovered area in square feet of any existing liquid storage facilities in the appropriate cell.  If the existing liquid storage facilities are covered or there are no existing liquid storage facilities, enter 0 in the appropriate cell.

Note: The worksheet will compute a depth based on the minimum length and width needed to evaporate all of the liquids.  If the inputs are less than the minimum, the worksheet will recalculate the depth based on the minimum length and width needed to evaporate all of the liquids.
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Application Worksheet Inputs

Management Criteria for Tractor Spreader Application of Solids

The Application worksheet will compute the number of applications to be applied based on the maximum nutrient uptake of the crop listed, the inches of solids to apply, the travel length in feet per load, and the loads per acre based on the following inputs:

Use the drop-down list box to select the nutrient type that the nutrient applications will be based on.  Changing the nutrient type on the Application worksheet will also change the nutrient type listed on the Utilization worksheet.

Tractor Spreader Capacity  Enter the capacity of the planned tractor spreader in bushels or cubic feet in the appropriate cell.  If the tractor spreader capacity is entered in bushels the capacity in cubic feet will be computed and vice versa.

Spread Width Feet  Enter the spread width of the planned tractor spreader in feet in the appropriate cell.

Nitrogen, N Concentration in Storage Facility  Enter the nutrient concentration in parts per million(PPM) or pounds per 100 cubic feet(Lbs/100CF) of the solids to be spread in the appropriate cell.  If the concentration is entered in PPM the Lbs/100CF will be computed and vice versa.

Pounds of Nutrients to be Applied  Enter the amount of nutrient specified in pounds in the appropriate cell to be applied to each crop listed.  Fertilizer Guide Sheets and other manure related publications developed by Oregon State University can be used as a guide to determine the amount and timing of nutrient applications.
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Management Criteria for big gun Application of liquids

The Application worksheet will compute the number of applications to be applied based on the maximum nutrient uptake of the crop listed, the inches of liquids to apply, the application rate in inches per hour, set time in hours, and travel rate in feet per minute based on the following inputs:

Use the drop-down list box to select the nutrient type that the nutrient applications will be based on.  Changing the nutrient type on the Application worksheet will also change the nutrient type listed on the Utilization worksheet.

Sprinkler Flowrate GPM  Enter the planned big gun sprinkler flowrate in gallons per minute in the appropriate cell.

Wetted Diameter Feet  Enter the wetted diameter in feet of the planned big gun sprinkler in the appropriate cell.

Portion of Wetted Diameter Receiving Liquids  Use the drop-down list boxes to select the portion of the wetted diameter of the planned big gun sprinkler that will be receiving wastewater.

Nitrogen, N Concentration in Storage Facility  Enter the nutrient concentration in parts per million(PPM) or pounds per 1000 gallons(Lbs/1000Gal) of the wastewater to be applied in the appropriate cell.  If the concentration is entered in PPM the Lbs/1000Gal will be computed and vice versa.

Pounds of Nutrients to be Applied  Enter the amount of nutrient specified in pounds to be applied to each crop listed in the appropriate cell. Fertilizer Guide Sheets and other manure related publications developed by Oregon State University can be used as a guide to determine the amount and timing of nutrient applications.
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Management Criteria for tank wagon Application of liquids

The Application worksheet will compute the number of applications to be applied based on the maximum nutrient uptake of the crop listed, the inches of liquids to apply, the travel length per load needed in feet, and loads per acre based on the following inputs:

Use the drop-down list box to select the nutrient type that the nutrient applications will be based on.  Changing the nutrient type on the Application worksheet will also change the nutrient type listed on the Utilization worksheet.

Tank Wagon Capacity Gallons  Enter the capacity in gallons of the planned tank wagon in the appropriate cell.

Spread Width Feet  Enter the spread width of the planned tank wagon in feet in the appropriate cell.

Nitrogen, N Concentration in Storage Facility  Enter the nutrient concentration in parts per million(PPM) or pounds per 1000 gallons(Lbs/1000Gal) of the liquids to be spread in the appropriate cell.  If the concentration is entered in PPM the Lbs/1000Gal will be computed and vice versa.

Pounds of Nutrients to be Applied  Enter the amount of nutrient specified in pounds to be applied to each crop listed in the appropriate cell.  Fertilizer Guide Sheets and other manure related publications developed by Oregon State University can be used as a guide to determine the amount and timing of nutrient applications.
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Utilization Worksheet Inputs

Nutrients Available after Storage

The pounds of nutrients retained after storage for manure liquids, solids, and grazing will be computed by the Utilization worksheet based on the following inputs:

Type of Operation  Use the drop-down list box to select the type of animal feeding operation the evaluation is being done for.

Type of Storage Facility  Use the drop-down list boxes to select the type of storage facility used for waste materials in the liquid, solid and grazing forms.

Percent Nutrients Retained After Storage  Default values for percent nutrients retained will be listed for the different types of storage facilities selected based on values stored on the Resource Data worksheet.  The value for percent nutrients retained for a storage pond will be computed based on the percent dilution that occurs during the storage period.  Edit the percent nutrients retained values listed for nitrogen(N), phosphorous(P2O5), and potassium(K2O) as appropriate to reflect the estimated pounds of nutrients retained after storage.
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Nutrients Available after application

The pounds of nutrients retained after application for manure liquids, solids, and grazing will be computed by the Utilization worksheet based on the following inputs:

Type of Application System  Use the drop-down list box to select the type of application system used to apply waste in the liquid, solid and grazing form.

Percent Nutrients Retained After Application  Default values for percent nutrients retained will be listed for the different types of application systems selected based on values stored on the Resource Data worksheet.  Edit the percent nutrients retained values listed for nitrogen(N), phosphorous(P2O5), and potassium(K2O) as appropriate to reflect the estimated pounds of nutrients retained after application.
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Nutrients Available after denitrification

The pounds of nutrients retained after denitrification for manure liquids, solids, and grazing will be computed by the Utilization worksheet based on the following inputs:

Soil Drainage Class  Use the drop-down list box to select the soil drainage class for the areas where liquid, solid and grazing forms of waste will be applied.

Percent Nutrients Retained After Denitrification  Default values for percent nutrients retained will be listed for the different types of soil drainage classes selected based on values stored on the Resource Data worksheet.  Edit the percent nutrients retained values listed for nitrogen(N), phosphorous(P2O5), and potassium(K2O) as appropriate to reflect the estimated pounds of nutrients retained after denitrification.
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Percent of manure to be applied to field and utilization acres needed based on   nitrogen, n

The Utilization worksheet computes the pounds of nutrients to be applied for manure liquids, solids, and grazing based on the following inputs:

Use the drop-down list box to select the nutrient type that the nutrient applications will be based on.  Changing the nutrient type on the Utilization worksheet will also change the nutrient type listed on the Application worksheet.

Percent to be Applied  Enter the percent of nutrients to be applied to each of the crops listed in the appropriate cell.  The worksheet will compute the initial percentages to be applied when the crops are selected on the Inventory worksheet based on the weighted crop uptake.  The amount of nutrients applied to each crop from waste liquids, solids, and grazing can be adjusted by adjusting  the percentages of nutrients applied.  If the percentages of nutrients applied for waste liquids, solids or grazing are less than 100%, the worksheet assumes the remaining nutrients will be sent off farm so the total percentage of applied nutrients is always 100%. 

Nutrient balance based on available acres

A nutrient balance based on the nutrient uptake and available acres for each crop listed is computed for each of the crops listed.  No inputs are needed in this section of the Utilization worksheet.  The amount of nutrients applied per acre can be adjusted by changing the percent of nutrients applied for each crop in the previous section.
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DESIGN USE:

‘This design aid spreadsheet has been develope for planning animal waste management systems. The following NRCS, Practice
Codes have been addressed;

(PC) 313, Waste Storage Facility
(PC) 590, Nutrient Management
(PC) 633, Waste Utilization

LIMITATIONS:
Job Approval Class for each practice are (o be determined and appropriate reviews requested as needed. This design aid
does notaddress the structural design of waste storage stuctures but provides storage volumes needed in accordance with
(PC) 313, Waste Storage Facility critria. Additional documentation is necded to meet the requirements of (PC) 590,
Nutrient Management and (PC) 633, Waste Utilization. This spreadsheet is a read only file and should be saved (o a new.
ilename which s not a read only file before use

'WORKSHEET TABS:
ReadMe Spreadsheet documentation for all information regarding the use of ths spreadsheet,

Inventory Start with tis tab o inpute all of the inventory information for the client and their operation. The
‘Animal Feeding Operation Inventory Worksheet in Agronomy Technical Note 20 can be used to record
data collected in the field and/or from interviews with the clint.

Production This worksheet will isplay monthly volumes of iquids and solids produced from the operation. Daily
‘and monthly nutrient production from the operation are also displayed. The information displayed on
s worksheet s o use in planning and is used for computations made in other worksheets. No inpu
are required on this worksheet.

Storage The type of storage facility for solids and liquids can be selected and sized based on the number of days
of storage desired using this worksheet.

‘Application This worksheetallows the user to determine the amounts of nutrients from liquid manure to be applied.
based on "Big Gun” trvel rates and set dmes travel length and spread width from tark wagons. The
‘worksheet also allows the user 10 compute the amounts of nutrients from sofid manure (o be applied
based on travel lengths and spread! width of tractor spreader equipment,

Utilization This worksheet allows the user to determine the approximate amount of nutrients lost during storage,
‘application, denitification and mineralization. The worksheet also allows the user to determire what
crops the manure s to be applied (0 and the amount of manure o apply based on the nutrient
‘application desired. The worksheet also computes a nutrient balance based on available acres and crop.
uplake.

Nutrient Budget This worksheet allows the user o determine  nutrent budget based on soil test information and
izer guidesheets and other nutrient management

reference maerial,

INPUT & OUTPUT:
Input cells will be shaded gray witied textnumbers Outputcell will be formatted withblue text/numbers with white
ackground. Cells where data s insered, from a database, will black textnumberswith white background. Cells will
b formatied the ame a nput el whee celscontain datafrom a database that can be changed by the user. Errors il
be indicated withred text, white background thatsays ERROR.
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Nutrient Balance Worksheet Inputs

Tract:  Enter the tract that the nutrient balance is being developed for in the appropriate cell.

Date: The worksheet will show the current date which can be edited so that it is locked and cannot change automatically.

Table 1.  Field Conditions and Recommendations

Crop Sequence/Rotation (circle current crop)  The crop entered on the Inventory worksheet will be displayed.  Edit as necessary to accurately reflect the cropping system the nutrient balance is developed for.

Current Soil Test Levels (ppm or lb/ac)  Enter the nitrogen(N) concentration, phosphorous(P) concentration, potassium(K) concentration,  pH, percent soil organic matter(S.O.M.%), and electrical conductivity(EC) in the appropriate cells from the soil test report for the fields the nutrient balance is being developed for.

Recommended Nutrients/Amendments To Meet Expected Yield  Refer to the NRCS Nutrient Management standard 590 for guidance on selecting the amount of nutrients to be entered for Trial A and Trial B.  Refer to fertilizer guidesheets for the crop listed to determine the amount of other amendments to apply.

Table 2.  Nutrient Sources

Credits

1. Nitrogen credits from previous legume crop  Enter the nitrogen credits in pounds per acre if applicable in the appropriate cell.

2. Residual from long term manure application  The workbook assumes that the fields listed has or will receive manure on a long term basis and that the amount of nitrogen released from long term manure application will be in balance with the amount of nitrogen applied in the organic form that is partially unavailable the first year of application, therefore enter 0.  If the field has received manure applications in the past but is not receiving manure applications but will be fertilized with commercial fertilizer, enter the amount of estimated nitrogen in pounds per acre that will be available from manure during the annual crop growth cycle.

3. Irrigation water  Enter the amount of nitrogen in pounds per acre that will be applied from irrigation water applications during the annual crop growth cycle in the appropriate cell.  This information can be determined from irrigation water tests or taken from studies that the Oregon Department of Environmental Quality or United States Geological Society have done in the area where the animal feeding operation is located.

4. Other(e.g. atmospheric deposition)  Enter any other nitrogen credits in pounds per acre that the crop will receive during the annual crop cycle in the appropriate cell.

Plant-Available Nutrients Applied to Field

7. Fertilizers  Enter any starter or commercial fertilizer planned for application to the field during the annual crop growth cycle in pounds per acre of nitrogen(N), phosphorous(P2O5) and potassium(K2O) for Trial A in the appropriate cell.

8. Manure / Organic Materials (Source-) The workbook will automatically insert the amount of manure and organic nutrients applied from the utilization sheet for Trial A so no entry is needed in the cells for nitrogen(N), phosphorous(P2O5) and potassium(K2O).

11.  Nutrient Status (Subtract line 10 from line 9)  The worksheet will automatically calculate the nutrient status.  If the nutrient status is not within criteria as outlined in the NRCS Nutrient Management standard 590, then go to Trial B and make adjustments to recommended nutrient applications for Trial B in Table 1. and lines 7 and 8 for Trial B in Table 2. until the criteria in the standard is met.

Planned Nutrient Applications

Amount to be Applied (lb/ac)  Enter the amount of nutrients to be applied in pounds per acre from line 9 in the appropriate cell.

Method, Form and Timing of Application  Describe the method, form and timing of the planned nutrient applications to the crop.  Information from the Application worksheet can be helpful in describing how the nutrients from the manure can be applied to meet the recommended amounts. 

Printout of Workbook

The following is a printout of all the worksheets for the example that is already entered into the ORAWM Design Aid workbook:
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QUESTIONS: Direct all questions regarding this design aid 10 your Basin Engineer. I the Basin Engincer is not

available, contactthe person who developed this design aid.

Designed by:  Bruce D. Wilson, Conservalion Planning Engincer, Portand, Orcgon
Phone: (5034143247 E-mail: bruce.wilson@or.usda.gov.
Version of spreadsheet: Version 1.4 April 2001

REFERENCE MATERIA
In additon to the applicable NRCS Practice Codes listed under DESIGN USE and OTHER DESIGN RESOURCES;

New - NRCS National Engineering Handbook, Part 651, Agricultural Waste Management Field Handbook (AWMEH)
New - NRCS National Engineering Handbook, Part 652, Iigation Guide.
Practice Planning and Design Guide for practce standard 313, Waste Storage Facilil

Nutrient Management Jobsheet for practice standard 590, Nutrient Managemen:

Ifa cell contains a red triangle in the upper right comer, simply passing the cursor over the cell will reveal eferences used
in the development of the worksheet. See Reference Matrial cell above for an example.

RESOURCE DAT/
A field visit i required (o obtain physical information about the site and inteview the landowner/operator. The Animal
Fecding Operation Inventory Worksheet in A gronomy Technical Note 20 can be used to record data collected in the field
‘and/or from interviews with the client. The use of some kind of photo base o make notes on is recommended.

Data to Collect:

> Clients name, address, phone number, facsimile number, and emal,

>> Type of operation(Dairy, Beef, Swinc, Poullry, cic)

>> Description of livestock, number to utilize facility, average weight, dates confined, and dates animals
‘grazed for current and planned operation. If the operation is a dairy then include the average daily milk
production per cow in pounds.

> Type of bedding &volume used per day.

> Solids separation system planned and efficiency of system.

> Dimensions of existing solids & liquid storage faciltes.

>> Roofed and unroofed areas that contribute rainwater to storage faciliie.

>> Roofed areas that are gutered or drain clean water away from storage faciltes.

>> Clients desired solid and liquid storage time.

>> Water use that contrbutes gray water 1o storage fucility, e.g.

> Planned localion of storage facliy.

> Location of domestic wells, streams, lakes and other sensitive water bodies.

>> Climatic station (0 use 0 rtrieve needed climaic data.

>> Topographic information from surveys or USGS Quadrangle maps or other maps or photos,

>> Geologic considerations which will effectthe planned storage siructure such as shallow bedrock,
unsuitable soil, coarse gravel subsoil, slide areas, wetlands, sharp breaks i slope, floodplains, ic.

>> Property lines and ownership considertions that may effect location of planned facliis.

lkbouse washwater

OTHER DESIGN RESOURCES:
For additional information on wastewater production from confined anima facilites and other manure management issu-
refer o the Oregon State University Extension homepage for publications at hitpi/eesc.orstedul.
Other computer programs and spreadsheet design aids that might assst you in developing specific design information for
planned faclites can be found on the NRCS Engineering Setup CID or on the NRCS home page at
hitp/p.or.nrcs.usda. gov. IF you have not had training andlor experience with the use of computer programs and
spreadsheet design aids, you should contact the appropriate basin or state office technical saff for assistance before.
attempting {0 use them.
Standard drawings and forms associated with the design of waste management systems can be found in the Oregon NRC.
‘Standard Drawings and Forms Catalog and on the Oregon NRCS FTP site at hitp:/fp.or.nrcs.usda gov. Use of siandard
drawings requires appropriate review of foundation and site conditions before they are used for & final esign and should
e approved by someone with appropriate job approval authority.
'NRCS Standards and Spexifications that are applicable o the development of waste management systems can be found in
local RMS guidesheets developed o address ste specific resource problems associated with agricultural waste
‘management systems.
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Readme Worksheet
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PRINT & PROTECTION:
Each individual spreadsheet (tab) within this Excel - Design aid s set o print with enough margin (o fiton 8 12 x 11
paper. Al pages will print o the following printers; HP 2500, HP 3405350, HP 4MV, and HP SMV. All worksheets are
protected from tampering with formula’s and text. Contact your Basin Engincer for the password to make any changes or
modifications. If not available, contact th developer.
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Readme Worksheet
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Inventory Worksheet
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Inventory Worksheet
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Production Worksheet
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Storage Worksheet
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Application Worksheet
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Utilization Worksheet
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Nutrient Budget Worksheet
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“Table 1. Field Condiions and Recommendations

CROP SEQUENC/ROTATION (circle current crop)
[Cors ) T :
‘CURRENT SOIL TEST LEVELS (ppm or Ih/ac)
N P K pH SOM.% BC
Ny 5700 7745 G16d
[ RECOMMENDED NUTRIENTS/AMENDMENTS TO MEET EXPECTED )
Nilbsac) | PO (bwac) | K:O (bsiac) | LIME _Joume
Tral A Tl B Tria A Tra B Tria A Tral B
g7 0 o
Table 2. Nutrent Souress
N1 Pe T _wo
Crotite s per scre
i Nirogen creits from previous g erop
- Residualtrom long.term manure application
- Irigaion water
- Other (e atmospherc deposion)
& & o o ) I
PlantAvailable Notriens Applc o Field N rioc Ko
i (Cirde colum that s Tanduser’s docion) Trial A | Tial | Tl A | Tt B | TraiA | Tl &
- Gredits (from row & ahove o [ ol ol ol o0
s Starir
e (Other
5. Manure/Organic Visterils (Sovree) Dy 2 0] 25 o] s [0
. Subltal (sum ofines 67 and 8) | 200 | 0| 255 | 0 | doa | 0
0. s Nutrent Recommended (rom Tabe ) | 200 | 0| 0 | 0 [0 | 0
i1 Nt Staus (ubtroc e 10 fromine9) | 5 | 0| 36 |0 d | 0

i 175 e mmbse, (1 5 mount of sdonal ofriens needed o mee e crop resammsendaion
I i 1. posiive number, i i e amount by which the avsilble nrints excced the crop requirements

PLANNED NUTRIENT APPLICATIONS
Amoun o be Applcd (/a5 T~ S Pos | R Ko [

Viehod, Form, and Tumingof Applicaton
Recommendedapplicrhon rie e bisel 4 e s Guld 197 VS Cls n Wekters O

o commercial el should e applic an uirenscan b upplic by manre appcations et for Sufr, Magacsium, Zné
a0 uron which shonld b applicd  scerdance with e ehse g and s s,
e maricntconcentradons n sorege o deteran i gun el rtes o apoly 100 poands e acr ofitrogen in March or Apel ust
prior o planting an aga n My Use nticntconceniaton i s i etemine sobdsaprader o et are 1 agy 200 pounds|
por e ofnitrogen in March or Al pior o planing. No more s ol o 30 pounds o nr e et cee shold be appic.
e hepr-sideren il irate si(PSNT) t etermine I atonal irosen i i when h cor pants s bout 12 nche igh
Score card il et should e done i th il o e excein i are ot svallabl o lewing.
Manureshnid b recuce or ot applied sl et show Phtsphoros nd Potsst coneeniatonscoinse o fncresse ove i and
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Table 1. Field Conditons and Recommendations

CROP SEQUENCE/ROTATION (circle current crop) EXPECTED YIELD
] G My Fasture I3

CURRENT SOIL TEST LEVELS (ppm or Ib/ac)

N P K pH SOM.% EC
N 378 75316 So51
g RECOMMENDED NUTRIENTS/AMENDMENTS TO MEET EXPECTED YIELD
N (lhgac) | P:0:(bvac) | K:Obac) | _LIME o fouer
Trisl A | Trial B Trisl A | Trial B TralA] Trial 8] -
1 T A S

Table 2. Nutrent Sources

Credits
1. Nitcogen credits from previous legume crop
|2 Residua from long:erm manure applcation

i Ivigaton water
- Oter (o5, imospheric feposion
3 0 I 0
Pt Avable Natriens Appled o Tld N F:or o
(Cice column that s s deciion Tol K Tl B | Tral A T8 | TalA| Tl B
-G rom rom 5, bover o o oo ol
Sarier
Ll [Other 28 Gul/A e of 32% Solution 95
- Siamare Orgoic iteril Souree)~ Dai 2 o] e [ o o
o Subtoal (o oines 6, 7ani ) | 320 | 030 | 0 e | 0
o Natriens Recommende (rom Tabe | 330 | 0|0 |00 | 0
s Nutrent Staus mbirectlne 10 rom ey [0 |0 | 56 |0 | 5 [0
i 75 g e, T st o ol et e om0 recommendain
e 1 pin b, i e smun by i the vl it e s oo el
PLANNED NUTRIENT APPLICATIONS
Amount to be Applied (Ib/ac). N T 320 [ Pos | 249, x0T a7

[1etio; Form, and Timing of Appliction
Recommended upplication rals are based 0 ¢ gk fo OFcu G Hay/Pistirs fom Tabl 6461 i NRCS Ageiutral

Wit Mansgenment Fd Handbook.

Nt will b upplid by the manre and adding 8 allons per acre of 2% sotion o ssumoni irogen commercilfertlze.

Sulfur, Mugaeshu, Zin and Boron should be applied i accordunce with th frtlzee ade and sl st Aply the mmure from ong

1 siorage n March and Apelusing big o (ravelFaics o apply 150 pocd o mirogen wn s spreads I per acr 10 apply

300 pounds per acre based o matrent concentration i iofuge. Apply 2 gallons per acr of the 3% stlon o ammon mitroge in

My 1 provide 95 pounds o nitogen per scre. inpty e long trn storage {4ciies n Spteber 130 October by i bi gun rel

Fatesand oldsspreader loadsper acre t apply 100 pound of mirogen pe ac, Total applction or th yea should ot exceed 330

Pounds of nirogen per ace.

Scon cad voll stingshould b done i th ul 4 e excesive it are ot vaiable o eaching.

Manure sl b rcuceor ot applied i il et show Phasghorovs s Potustm concenratons contine  fncrsss ave time and

approach vry igh leves as delrmine by OSU Extession
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7_|SOLIDS STACKING FACILITY B MONTHLY SOLIDS VOLUME STACKED IN FACILITY
K Solids | Nomal
[E Number | Meauee | Bedding | toStore | Funoff

0| Solids Storage Facilty Paremeters Veine | Month | ofDays | CF cF cF oF
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