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Introduction

Manure nutrients were estimated for CEAP simulation modeling using livestock population data from the 2002 Census
of Agriculture. Estimation procedures are about the same as those published previously in USDA/NRCS (2003) and
Kellogg et al. (2000) for 1997. Coefficients were adjusted in some cases to better reflect 2002 conditions for animal
feeding operations. This report documents the methods used to make these estimates.

Electronic databases of farm-level responses were used to make the calculations at the farm level and then aggregated to
the 6-digit HUCs (Hydrologic Unit Code) for use in water quality modeling. Access to the farm-level data base is
restricted to protect the confidentiality of respondents. All estimates published in this document meet the disclosure
criteria used by NASS to assure confidentiality.

Livestock populations reported in the 2002 Census of Agriculture were used to estimate total manure and manure
nutrients as excreted, which were then disaggregated into two parts:

e recoverable manure from animal feeding operations (AFOs), and

e non-recoverable manure from all farms with livestock, including AFOs.

All recoverable manure is assumed to be land applied. In the CEAP simulation modeling, recoverable manure applied to
cultivated cropland was estimated using the CEAP farmer survey, where farmers reported whether or not they applied
manure, when it was applied, and how much manure was applied. However, some recoverable manure is also land
applied on permanent pasture and permanent hay land, for which information was not obtained in the CEAP farmer
survey. In the simulation modeling, manure was applied to permanent hay land and permanent pastureland at rates
estimated from probable land application of manure derived from the 2002 Census of Agriculture. The methods and
assumptions used to generate these estimates by 6-digit HUC are addressed in this documentation report.

Non-recoverable manure includes manure deposited by pastured animals and manure nutrients from AFOs that were not
recoverable. Manure from livestock on farms too small to qualify as an AFO were included with pastured livestock,
representing nutrient loadings on farmland in the vicinity of livestock operations. Non-recoverable manure loadings
were estimated by subtracting recoverable manure available for land application from the total manure nutrients (as
excreted) for all livestock. Volatilization losses of nitrogen were excluded. All non-recoverable manure nutrients were
allocated to grazing land (pastureland and rangeland) in the CEAP HUMUS/SWAT modeling.? The methods and
assumptions used to generate these estimates by 6-digit HUC are also addressed in this documentation report.

Thus, all sources of manure based on livestock population estimates from the 2002 Census were included in the CEAP
model simulations, except that instead of using the census-based estimate of recoverable manure applied to cultivated
cropland, estimates based on the CEAP farmer survey were used. (The estimates of land application of manure on
cultivated cropland based on the CEAP farmer survey are considered to be superior to estimates derived from the 2002
Census of Agriculture data on livestock populations.)

! Estimates of manure nutrients were obtained using version 6 of the SAS program, which was run August 10, 2009. Subsequently, a few relatively
minor refinements were incorporated into the SAS program; version 8 was used to make the final estimates in November, 2011. Consequently, the
final estimates of manure nutrients for 2002 differ slightly from results used in the simulation model and presented in this documentation report.

2 Included in the allocation of manure loadings to pastureland are manure nutrients from AFOs that were not recoverable. These manure nutrients
either remain on site or are lost to the environment in the vicinity of the animal feeding operation. Over time, a portion of these manure nutrients
would be transported to lakes, rivers, and streams. By allocating these loadings to pastureland, the simulation model accounts for these loadings
through transport processes characteristic of areas with grass cover. An alternative approach would be to model these loadings as point sources, but
the capability to do that has not yet been developed.



The basic steps involved in estimating recoverable and non-recoverable manure nutrient loadings for CEAP simulation
modeling, summarized in the following sections of this documentation report, include—

1.

2.
3.

oa s

Estimation of the average annual on-farm livestock population in terms of animal units (AU, equal to 1,000
pounds of live animal weight).

Estimation of the quantity of manure and manure nutrients produced.

Identification of AFOs (the source of recoverable manure) and estimation of quantities of recoverable manure
nutrients.

Estimation of the potential application rates of recoverable manure on permanent hay land and pastureland.
Estimation of the quantity of non-recoverable manure nutrients.

Census Database Includes Hydrologic Unit Codes (HUCs)

Beginning in 2007, the National Agricultural Statistics Service (NASS) assigned Hydrologic
Unit Codes (HUCS) to all farms. Initial watershed assignments were made based on the
principal state, principal county, and zip code for each operation. If the principal county was
contained completely within a watershed and the zip code was valid for the principal county,
the operation was deterministically assigned to that watershed. Operations that could not be
deterministically assigned were probabilistically assigned. Probabilistic assignments were made
based on the proportion of agricultural land each watershed had within the principal county.
For example, if a watershed represents 60 percent of the agricultural land in a county, a record
would have had a 6 out of 10 chance of being assigned to that watershed. HUCs at the 2-, 4-,
and 6-digit level were assigned. There are a total of 334 6-digit HUCs for the 48 states. All
large farms and ranches that were probabilistically assigned were examined by NASS Field
Office staff to verify or correct the 6-digit HUC assignments.

In order to provide a comparative history, NASS also made 6-digit HUC assignments to all
2002 Census of Agriculture farms. Forty-one percent of the farms reporting in 2002 could be
matched to a 2007 response, and these were given the same 6-digit HUC as the 2007 record.
The remaining records went through the assignment algorithm to establish a 6-digit HUC.

This information was excerpted from a NASS summary of the methodology at
http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/Watersheds/wtrsheds.txt




Estimating Animal Units

The basic building block of the estimation process is an animal unit (AU). An animal unit represents 1,000 pounds of
live animal weight and serves as a common unit for aggregating over different types of livestock. The census of
agriculture does not report the average number of animals on a farm during the year, which is needed to calculate
animal units (and ultimately manure nutrients). The annual average number of animal units on each farm was estimated
using census information on sales and end-of-year inventories.

The annual average number of animal units on each farm was derived from the following census data on number of
livestock sold or on hand at the end of the year.
» Cattle and calves:
e Beef cows, end-of-year inventory (including heifers that had calved)
o  Milk cows, end-of-year inventory (including dry milk cows and milk heifers that had calved)
o  Other cattle, end-of-year inventory (heifers, steers, calves, and bulls combined)
e Cattle and calves on feed, end-of-year inventory
e Calves sold weighing less than 500 pounds
e Cattle and calves sold weighing more than 500 pounds
e  Number of fattened cattle sold
» Hogs and pigs:
e Hogs and pigs used for breeding, end-of-year inventory
e  Other hogs and pigs, end-of-year inventory
e Hogs and pigs sold, including feeder pigs
e Type of operation (more than one could be recorded)—
o Farrow to wean
Farrow to feeder
Farrow to finish
Finish only
Nursery
Other

OO0OO0OO0OO0

> Poultry:
e Chicken layers 20 weeks old and older, end-of-year inventory and number sold
e  Pullets for laying flock replacement, end-of-year inventory and number sold
e Chicken broilers, fryers, and other meat-type chickens, end-of-year inventory and number sold
e All turkeys, end-of-year inventory and number sold (2002 data were not broken down into turkeys for
slaughter and turkeys for breeding, as was done in other census years)
e Ducks, end-of-year inventory and number sold
» Horses, sheep, and goats:
e Horses and ponies, end-of-year inventory
Mules, burros, and donkeys, end-of-year inventory
Sheep and lambs, end-of-year inventory
Goats, all types, end-of-year inventory

To convert head-count data reported in the Census of Agriculture to animal units, assumptions are needed on how long
the animals are kept on the farm and the average weight of the animal. For cattle, this required deconstructing the “other
cattle” inventory and the non-fattened cattle sold into the following categories:
o Veal (calves sold from operations without sufficient on-farm pastureland to support grazing)
Beef calves
Beef heifers
Beef stockers and grass-fed beef
Beef breeding cows and bulls
Dairy calves
Dairy heifers for herd replacement
Dairy stockers sold as beef



Assumptions used to calculate animal units are summarized in table 1. Animal unit conversions (number of animals per
AU) shown in table 1 were based on determinations of the average live weight associated with each livestock category.
For some livestock categories (such as poultry), the animal unit conversion represents the average weight from birth to
market. For others, such as beef and dairy calves, it represents the average weight for the time period that the animal
was assumed to be in the specified category. Average animal weights were derived using two primary sources: 1) the
NRCS Agricultural Waste Management Field Handbook (USDA-NRCS, 1992), and 2) the American Society of
Agricultural and Biological Engineers’ (ASABE) Standard D384.2 “Manure Production and Characteristics” (ASABE,
2005; ASAE, 1995). Average animal weights for 2002 were primarily based on ASABE Standards revised and
published in 2005 (ASABE, 2005). These sources did not include data on all of the specific livestock types and ages of
animals for which Census of Agriculture data were available, so in several cases the published values were adapted to
conform to the type and size of animal for which head counts were available or could be derived.

An important aspect of the animal unit calculation is the amount of time that an animal is assumed to be on the farm
during the year. For fattened cattle, hogs for slaughter, and poultry other than breeding stock, it was assumed that the
animals were raised in multiple cycles per year, resulting in continuous production throughout the year. Assumptions
used for the number of cycles per year are included in table 1. For the various cattle categories (calves, heifers,
stockers), the animal unit calculation was based on the proportion of the year that the animals were in the specified
category, also included in table 1. Animal units for breeding stock and chicken layers were estimated based only on end-
of-year inventory. For these categories, it was assumed that the animal was present throughout the year or there was
continuous replacement.

The parameters in table 1were derived to represent general production practices across the Nation for all operations,
both large and small. For any specific part of the country, farm size, or time period, prevailing practices could result in
different values for these parameters. For example, industry sources indicate that the time in a confined setting for
fattened cattle ranges from 60 to 200 days, depending on season, cost of feed, and changes in sale price. The typical
time in confinement for fattened cattle is 120 to180 days. A value of 2.5 cycles (146 days) was selected to estimate
fattened cattle animal units for all operations. Similar information was evaluated to set these parameters for other
livestock categories.

For categories with both sales and inventory data, a combination of data from end-of-year inventory and annual sales
was used to estimate animal units. The general algorithm was obtained using the following simplifying assumptions:
e End-of-year inventory represents the partial cycle at the end of the year and the partial cycle at the beginning of
the year, comprising a full cycle.
e  Sales throughout the year do not fluctuate (i.e., no seasonal variation), and thus the average sales per cycle can
be used to estimate the number of animals on the farm in each of the remaining cycles.

The general formula used is:
Equation 1: Annual average AU= {(inventory x 1/cycles) + [sales/cycles x ((cycles-1)/cycles)]} x (1/animals per AU)

Equation 1 estimates the average number of animal units on the farm throughout the year. Inventory data are used to
estimate the average AU for one cycle, and average sales data (sales per cycle) were used to estimate the average AU
for the remaining cycles.

For example, in the hypothetical case where three cycles of production are probable during a year and the livestock
category spans from birth to market, equation 1 reduces to equation 2.

Equation 2: Annual average AU= {(inventory x 1/3) + [sales/3 x (2/3)]} x (1/animals per AU)

Because the production cycle for a given farm probably did not begin exactly on the first day of the year, some of the
sales represent animals that were on the farm for a portion of the last cycle of the previous year. These animals should
not be counted as full AU for the current year. Similarly, the inventory present at the end of the year may be at the
beginning of a cycle or near the end of a cycle. It is clear, however, that of the three cycles possible during a year, sales
from two of the cycles were present on the farm from birth to market.



Not all farms had both inventory and sales. Farms starting up a livestock operation sometimes had only end-of-year
inventory, and farms going out of business or with production during times of the year other than the December 31
inventory date had sales, but no end-of-year inventory.

For farms with inventory only, the animals were assumed to be in mid-cycle at the end of the year, and annual average

AU was calculated as shown in equation 3.

Equation 3: Annual average AU= {inventory x ¥ x 1/cycles} x (1/animals per AU)

For farms that have only sales data and no inventory data, it was assumed that all the animals represented by sales were
present on the farm throughout the period associated with the livestock category (e.g., from birth to market), and annual
average AU was calculated as shown in equation 4.

Equation 4: Annual average AU= {sales/cycles} x (1/animals per AU)

Table 1. Parameters used to calculate animal units*

Animals per Number of Proportion of

Source of data for number of animal unit cycles per year on the
Livestock category head present on farm 2002 year farm
Confined livestock types
Fattened cattle Year-end inventory and sales 1.02 25 --
Veal Derived from cattle sales 4.4 -- 3.5/12
Milk cows Year-end inventory 0.73 NA 1
Breeding hogs Year-end inventory 2.27 NA 1
Hogs for slaughter Year-end inventory and sales NA 2 --
Farrow to wean Year-end inventory and sales 143 18 --
Farrow to finish Year-end inventory and sales 7.4 2 --
Finish only Year-end inventory and sales 6.7 2.6 --
Farrow to feeder Year-end inventory and sales 50 8 --
Nursery Year-end inventory and sales 37 13 --
Chickens, layers Year-end inventory 293 NA 1
Chickens, pullets Year-end inventory and sales 350 2.25 --
Chickens, broilers Year-end inventory and sales 382 55 --
Turkeys Year-end inventory and sales 59 2 --
Ducks Year-end inventory and sales 286 6 --
Pastured livestock types
Beef calves Based on calving rate 4 -- 5/12
Beef heifers for replacement herds Based on replacement rate 1.14 -- 5/12
Beef breeding herds (cows and bulls) Year-end inventory 1 -- 1
Beef stockers and grass fed beef Derived 1.73 --2 --
Dairy calves Based on calving rate 4 -- 5/12
Dairy heifers for replacement herds Based on replacement rate 1.04 -- 5/12
Dairy stockers and grass fed animals
marketed as beef Derived 1.73 2 --
Horses and ponies Year-end inventory 0.9 -- 1
Mules, burros, and donkeys Year-end inventory 1.8 -- 1
Sheep and goats Year-end inventory 8 -- 1

* Represents coefficients for version 6 of the model, which was run August 10, 2009. Chicken broiler cycles were later changed from 5.5 to 6.
Turkeys were later broken down into turkeys for breeding and turkeys for slaughter using the 2007 county proportions. Criteria for veal AUs were

also adjusted later.



Estimating the Quantity of Manure and Manure Nutrients Produced

The amount of manure as excreted that is produced on a farm annually is calculated as the number of animal units times
the amount of manure produced by an animal unit. Manure nitrogen and manure phosphorus as excreted were
calculated by multiplying the tons of manure (wet weight) by standard values for the pounds of elemental nutrients per
ton of manure (wet weight) as excreted.

The amount of manure produced and the amount of manure nutrients produced per animal varies among livestock types
and from farm to farm depending on how much and how often the animals are fed, the quality of the feed and grazing
materials (especially the nitrogen and phosphorus content), the extent to which the animals are held in confinement, and
the extent to which animals are allowed access to grazing land. The American Society of Agricultural and Biological
Engineers’ (ASABE) Standard D384.2 “Manure Production and Characteristics” (ASABE, 2005; ASAE, 1995)
provides estimates of manure characteristics, including the amount of nitrogen and phosphorus, for a variety of
livestock types and ages. These data were adapted to correspond to the livestock types and ages used in the estimation.
For 2002 estimates, manure characteristics based on the current ASABE Standards published in 2005 (ASABE, 2005)
were used along with other sources to reflect current livestock production technologies, feeding regimens, and feed
characteristics.

Parameters used to calculate the quantity of manure and manure nutrients are presented in table 2 for 2002. All
measures of nitrogen and phosphorus in the table are in terms of elemental nitrogen and elemental phosphorus.

The quantity of manure at hauling weight was also estimated, assuming all manure was in solid form. The quantity of
manure at hauling weight was used in part to identify Animal Feeding Operations (AFOs). (See next section.) For all
livestock types except chicken broilers, ducks, and turkeys, the quantity of manure at hauling weight was estimated at
two times the oven dry weight of manure as excreted. For chicken broilers and ducks, it was estimated at 1.3 times the
oven dry weight of manure as excreted, and for turkeys it was estimated at 1.5 times the oven dry weight of manure as
excreted.

Estimating Recoverable Manure and Manure Nutrients

Recoverable manure is the portion of manure that could be collected from buildings and lots where livestock are held.
Recoverable manure nutrients are the nitrogen and phosphorus content of recoverable manure, adjusted for losses
during collection, transfer, storage, and treatment. Recoverable manure nutrients are not adjusted for losses of nutrients
during the process of land application.

Only the manure produced on AFOs was considered in the calculation of recoverable manure and recoverable manure
nutrients. EPA defines an AFO as a "lot or facility where animals have been, are, or will be stabled or confined and fed
or maintained for a total of 45 days or more in any 12-month period, and where crops, vegetation forage growth, or
post-harvest residues are not sustained over any portion of the lot or facility in the normal growing season.” The Census
of Agriculture has information about the number and types of livestock on each farm, but provides no information on
how the animals are raised or to what extent or how long animals are held in confinement. Consequently, it is not
possible to identify whether or not a farm in the census database is an AFO using the EPA definition.

Instead, criteria were developed based on the number of confined AUs and the amount of manure generated on the farm
during a year of operation. Farms were considered AFOs if the population of livestock on the farm was large enough to
require manure handling equipment and storage facilities on the farm, and where manure collection and removal from
the animal holding facilities would be expected to occur on a regular basis. For this study, a farm was defined to be an
AFO if there were:

1. more than 12 AU of confined livestock types, including the portion of pastured livestock that were assumed to
be confined, or
2. more than 40 tons of manure at hauling weight produced by confined livestock AU on the farm in a year.

Farms that do not meet these criteria would be expected to have manure that would require removal and disposal if the
animals were confined or partly confined, but the volume of manure would be too small for there to be manure handling
equipment other than a tractor with a loader or scraper. It is likely that these farms with small livestock populations
could be maintained on only a few acres (10-15) and not meet the EPA definition of an AFO.



Table 2. Parameters used to calculate the quantity of manure and manure nutrients for 2002.

Livestock category Tons of manure per AU per year
Pounds of Pounds of Ratio of
Wet Oven-dry nitrogen/ton phosphorus/ton phosphorus to
weight weight wet weight**  wet weight** nitrogen
Confined livestock types
Fattened cattle 11.7 0.94 11.08 1.35 0.122
Veal 111 0.28 6.60 1.32 0.200
Milk cows 20.34 2.64 12.92 2.30 0.178
Breeding hogs 5.38 0.54 13.38 4.01 0.300
Hogs for slaughter
Farrow to wean 16.2 21 20.55 3.29 0.160
Farrow to finish 135 1.62 16.00 2.65 0.166
Finish only 12.2 1.46 17.70 2.95 0.167
Farrow to feeder 17.1 2.22 19.35 3.1 0.160
Nursery 18 2.34 18.39 2.95 0.160
Chickens, layers 11.39 2.85 36.97 11.69 0.316
Chickens, pullets 8.21 2.13 27.19 10.53 0.387
Chickens, broilers 15.97 4.15 21.87 6.31 0.289
Turkeys 6.83 1.78 32.67 9.48 0.290
Ducks 18.4 4.8 19.60 6.8 0.347
Partially confined pastured livestock types
Beef calves 14.94 1.79 11.57 2.17 0.188
Beef heifers for replacement herds 18.72 2.25 6.73 1.54 0.229
Beef breeding herds (cows and bulls) 18.72 2.25 6.73 1.54 0.229
Beef stockers and grass fed beef 18.72 2.25 6.73 1.54 0.229
Dairy calves 14.91 2.54 10.14 1.21 0.119
Dairy heifers for replacement herds 10.02 1.70 9.7 1.80 0.186
Dairy stockers and grass fed beef 18.75 2.25 6.73 1.54 0.229
Horses and ponies 9.25 1.39 9.34 1.79 0.192
Mules, burros, and donkeys 9.25 1.39 9.34 1.79 0.192
Sheep and goats 7.20 1.80 22.50 3.50 0.156
Pastured livestock types
Beef calves 11.7 1.8 12 5 0.417
Beef heifers for replacement herds 11.7 1.8 12 5 0.417
Beef breeding herds (cows and bulls) 11.7 1.8 12 5 0.417
Beef stockers and grass fed beef 11.7 1.8 12 5 0.417
Dairy calves 11.7 1.8 12 5 0.417
Dairy heifers for replacement herds 11.7 1.8 12 5 0.417
Dairy stockers and grass fed beef 11.7 1.8 12 5 0.417
Horses and ponies 9 2.6 12 2.7 0.225
Mules, burros, and donkeys 9 2.6 12 2.7 0.225
Sheep and goats 7.2 1.8 225 3.5 0.156

* Represents coefficients for version 6 of the model, which was run August 10, 2009. Turkeys were later broken down into turkeys for breeding and
turkeys for slaughter using the 2007 county proportions.
** Amounts of nitrogen and phosphorus are in terms of elemental nitrogen and elemental phosphorus. Includes nitrogen and phosphorus in urine.




For farms that meet these criteria for an AFO, all manure produced by confined livestock types on the farm was
considered recoverable, regardless of how small the population. (On a dairy farm with a few chickens for private use,
for example, the chicken manure was also treated as recoverable manure. Manure from any pastured livestock types that
were also on this farm, such as horses or goats, was treated as non-recoverable.)

Manure produced by pastured livestock types was NOT included in the calculation of recoverable manure except in
cases where the Census of Agriculture data on potential grazing land on the farm indicated that some degree of
confinement was likely. Criteria for determining partial or complete confinement of pastured livestock types was based
on the number of pastured livestock type AU per acre of grazing land on the farm, as follows:
o If the ratio of pastured livestock type AU to acres of grazing land on the farm was less than 8, no pastured
livestock types were assumed to be confined.
o If the ratio of pastured livestock type AU to acres of grazing land on the farm was between 8 and 13, pastured
livestock types were assumed to be 25 percent confined.
e If the ratio of pastured livestock type AU to acres of grazing land on the farm was between 13 and 18, pastured
livestock types were assumed to be 50 percent confined.
o Ifthe ratio of pastured livestock type AU to acres of grazing land the farm was greater than 18, pastured
livestock types were assumed to be 75 percent confined.
o If there was no grazing land on the farm, all pastured livestock types were assumed to be confined.

Grazing land on the farm included three Census of Agriculture land use categories:
1. Acres of permanent pasture and rangeland
2. Acres of woodland pastured
3. Cropland acres used only for pasture or grazing

Recoverable manure is thus the portion of “as-excreted” manure that would be expected to be removed from an AFO
and be available for land application. Estimates of manure produced as excreted were converted to estimates of
recoverable manure by multiplying the amount of excreted manure by recoverability factors specific to each livestock
type, farm size, and region of the country.

Recoverability factors would be expected to increase over time as improved manure management systems were used.
Since 1997, most large operations have CAFO permits and over 35,000 Comprehensive Nutrient Management Plans
have been prepared. Consequently, operations with improved manure handling and management capabilities have been
replacing older, less efficient, operations over time.

Recoverability factors for 1982-2007 were derived from recoverability factors used with the 1997 Census of Agriculture
database in USDA-NRCS (2003). In that study, model farms were defined, each with a specific manure management
and handling system for which a recoverability factor was estimated. Since the occurrence of these model farms was
defined only for 1997, recoverability factors reported in USDA-NRCS (2003) were generalized by livestock type,
region, and operation size to represent the most typical manure management and handling systems. USDA-NRCS
(2003) also projected what recoverability factors would be if all farms had a CNMP. Using these estimates, a time trend
of recoverability factors was generated spanning from 1997 through 2017 under the assumption that all AFOs would
have CNMPS by 2017. Estimates of recoverability factors for specific years were made as follows (table 3):
e For 1997, recoverability factors were the same as was used in USDA-NRCS (2003) for the baseline, or “before
CNMP,” scenario. (See appendix B, table B3, in USDA-NRCS (2003).)
e For 2017, recoverability factors were the same as was used in USDA-NRCS (2003) for the “after CNMP”
scenario.
e For 2002-2007, recoverability factors were increased according to the 1997-2017 upward trend.
e For 1982-1992, recoverability factors were decreased relative to the 1997 estimates at half the rate of the 1997-
2017 trend, representing a slower pace of CNMP implementation or practice adoption.

After estimating the amount of manure that was recoverable using the coefficients in table 3, recoverable manure
nutrients were derived by:
1. multiplying the quantity of recoverable manure as excreted by the nutrient content of manure as excreted, and
then
2. adjusting for losses during collection, transfer, storage, and treatment, including nitrogen volatilization.



Estimates of the proportion of nutrients retained in the recoverable fraction of manure are presented in table 4 for each
livestock type. One minus the proportion of nutrients retained in the recoverable fraction of manure represents nitrogen
volatilization and other losses during collection, transfer, storage, and treatment. Losses vary according to the type of
manure handling, storage, and treatment system in use. These loss estimates are the same as or consistent with nutrient
loss estimates used in USDA-NRCS (2003), which represent manure management systems in common use for the bulk
of the livestock populations.?

Potential Application Rates of Recoverable Manure on Hay Land and Pastureland

In the CEAP HUMUS/SWAT modeling, manure was applied to permanent hay land and permanent pastureland at rates
estimated from probable land application of recoverable manure estimated using the 2002 Census of Agriculture data.
(Recoverable manure applied to cultivated cropland was estimated using the CEAP farmer survey, where farmers
reported whether or not they applied manure, when it was applied, and how much manure was applied.)

Probable land application of recoverable manure was simulated on a crop-by-crop basis. In the simulation, manure was
first applied on the land available on manure producing farms (AFOs). The simulation was conducted individually for
each AFO using data on recoverable manure and crops grown that were specific to each individual farm.

When available on-farm land was insufficient for land application of the full amount of recoverable manure produced
on the farm, the farm-level excess recoverable manure was simulated as off-farm land application. Off-farm
applications were simulated for available land on farms other than on AFOs using data on crops grown that were
specific to each area defined by the intersection of county boundaries and 6-digit HUC boundaries.* If there was
insufficient land within an area for off-farm land application of the farm-level excess manure, the remaining manure
was designated as excess manure and was not land applied.

Assumptions required for simulating land application of recoverable manure using Census of Agriculture data are
required for:

1. The amount of manure applied relative to the uptake and removal of nitrogen with the crop yield.

2. The percentage of land available for land application of manure.

3. The priority order in which crops would receive manure applications.

Rates of manure applied

For these estimates, the ratio of the manure nitrogen application rate to nitrogen uptake and removal was used to
determine the amount of manure applied per crop acre. Twenty-one crops, listed in table 5, and pastureland were used to
simulate land application of recoverable manure. For each of the 21 crops, manure was applied at a rate equal to 2 times
the uptake and removal of nitrogen for both on-farm and off-farm applications.® Nitrogen uptake coefficients in terms of
pounds per unit of yield are shown in table 5.

Manure applications were also simulated for two types of pastureland—cropland used as pasture and permanent
pasture.® For these two categories of pastureland, manure was applied at rates expected to provide the nutrients
necessary for good levels of grass production assuming the pastureland is being grazed and accounting for the additional
manure nutrients contributed by manure produced by the grazing animals. Manure was applied in amounts that resulted
in application of 75 pounds of nitrogen per acre for cropland used as pasture and 30 pounds of nitrogen per acre for
permanent pastureland. The lower rate for permanent pastureland reflects the generally lower productivity and level of
management associated with permanent pastureland as compared to cropland used as pasture.

% The phosphorus retention percentage for swine operations was adjusted upward to 90 percent under the assumption that the majority of lagoon
sludge, which contains the bulk of the manure phosphorus in lagoon systems, is land applied when the lagoons are emptied.

Areas defined by the intersection of county boundaries and 6-digit HUC boundaries were used in this application so as to provide estimates that
could be aggregated to 6-digit HUCs for use in the CEAP HUMUS/SWAT modeling. The modeling requires data by watershed, rather than by
county. However, the traditional application is to simulate off-farm land application of manure by counties under the assumption that manure would
not be transported distances exceeding transport outside of the county where the recoverable manure originated. The areas used here are smaller than
counties, as some counties would be dissected by a 6-digit HUC boundary.
® Simulation of land application of manure for off-farm applications in the final report uses a slightly lower nitrogen application rate-uptake ratio for
2002— manure was applied at a rate equal to 1.8 times the uptake and removal of nitrogen for off-farm applications.
® The Census reports acres of permanent pastureland and rangeland combined. Permanent pastureland was estimated separately using the percentage
of pastureland and rangeland that is pastureland for each county as determined by the 1997 National Resources Inventory (NRI). This percentage was
then applied to the census acres for pastureland and rangeland combined for each farm to estimate the acres of permanent pastureland on each farm.



Table 3. Manure recoverability factors expressed as the percent of manure as excreted that is recoverable, by year

Size group 1982 1987 1992 1997 2002 2007 2012 2017
Livestock type and region AUs % % % % % % % %
Milk Cows
All <35 43 44 45 45 46 48 49 50
North Central, NE 35-135 51 52 54 55 58 62 65 68
135-270 50 52 54 56 60 63 67 71
>270 47 49 52 54 59 64 70 75
Southeast 35-135 46 48 50 52 56 59 63 67
>135 47 49 52 54 57 61 64 68
West 35-135 46 48 50 52 56 60 64 68
135-270 47 49 52 54 59 64 69 74
>270 54 56 58 60 64 68 71 75
Fattened Cattle
All <35 48 50 53 55 60 65 70 75
New England >35 48 50 53 55 60 65 70 75
PA, NY, NJ >35 54 56 58 60 64 68 72 76
Southeast >35 52 54 57 59 64 69 74 78
Midwest 35-500 54 56 58 60 64 69 74 78
>500 59 61 63 65 69 73 76 80
MT, WY, SD, MN 35-500 52 55 57 60 65 70 75 80
>500 59 61 63 65 69 73 76 80
CO, KS, NE, SD 35-1000 52 55 57 60 65 70 75 80
>1000 52 55 57 60 65 70 75 80
TX, OK, NM 35-1000 52 55 57 60 65 70 75 80
>1000 52 55 57 60 65 70 75 80
West 35-500 52 55 57 60 65 70 75 80
>500 52 55 57 60 65 70 75 80
All Partially Confined Pastured Livestock
Types
Northeast All 57 59 62 64 69 74 78 83
Midwest All 59 61 63 65 69 73 78 82
Southeast All 59 61 63 65 69 73 77 80
West All 59 61 63 65 69 73 77 80
Veal
All Regions All 68 70 73 75 80 85 90 95
Broilers
Northeast All 66 69 72 75 81 87 93 98
Southeast All 80 82 84 85 88 91 95 98
Northwest All 66 69 72 75 81 87 93 98
Southwest All 66 69 72 75 81 87 93 98
Layers
All Regions <35 67 70 72 75 80 85 90 95
Southeast 35-400 70 72 75 77 82 86 91 95
>400 70 72 75 77 82 86 91 95
West 35-400 76 77 79 80 84 88 91 95
>400 67 70 72 75 80 85 90 95
South Central 35-400 67 70 72 75 80 85 90 95
>400 76 77 79 80 84 88 91 95
North Central & NE 35-400 81 82 84 85 87 90 92 95
>400 81 82 84 85 87 90 92 95
Pullets
North Cen & NE All 81 82 84 85 87 90 92 95
Southeast All 76 77 79 80 84 88 91 95
West All 76 77 79 80 84 88 91 95
South Central All 76 77 79 80 84 88 91 95
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Table 3. --continued

Size group 1982 1987 1992 1997 2002 2007 2012 2017
Livestock type and region AUs % % % % % % % %
Turkeys
All Regions <35 42 43 44 45 46 47 49 50
East >35 70 72 74 76 80 84 89 93
South Central >35 74 76 78 80 84 89 94 98
North Central >35 70 72 74 76 80 84 89 93
West w/o CA >35 56 57 59 60 64 67 70 74
CA >35 66 68 70 72 76 80 84 88
Ducks
All regions <35 42 43 44 45 46 47 49 50
Hogs for breeding
All Regions <35 50 50 50 50 50 50 50 50
North Cen & NE 35-500 74 76 78 80 84 88 92 96
>500 78 80 82 84 87 90 93 97
Southeast 35-100 73 74 75 76 78 81 83 85
>100 80 82 83 85 88 91 94 97
West 35-500 70 71 72 73 75 78 80 83
>500 78 80 81 83 86 90 94 97
Hogs for slaughter
All Regions <35 69 71 73 75 79 83 87 90
North Central & NE 35-500 69 70 72 73 76 79 82 95
>500 75 77 79 81 85 89 93 97
Southeast 35-100 81 82 83 84 87 90 94 97
>100 81 82 84 85 88 91 94 97
West 35-500 76 78 80 82 86 90 93 97
>500 76 78 80 82 86 90 93 97

Note: Estimates for 1982-1992 and 2002-2007 were derived from recoverability estimates developed for 1997 in USDA-NRCS (2003). See text.

Table 4. Proportion of manure nutrients retained in recoverable fraction for AFOs for 2002.

Livestock category Nitrogen Phosphorus

Confined livestock types
Fattened cattle 0.40 0.90
Veal 0.39 0.95
Milk cows 0.40 0.95
Breeding hogs 0.25 0.90
Hogs for slaughter, all types 0.25 0.90
Chickens, layers 0.69 0.85
Chickens, pullets 0.50 0.95
Chickens, broilers 0.60 0.95
Turkeys 0.53 0.95
Ducks 0.50 0.95
All Partially confined pastured livestock types 0.30 0.90
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Table 5. Nutrient uptake coefficients for 21 crops used to simulate land application of recoverable manure by crop

Crop Per-acre yield unit Nitrogen  Phosphorus
Corn for grain bushels 0.80 0.15
Corn for silage tons 7.09 1.05
Soybeans bushels 3.55 0.36
Sorghum for grain bushels 0.98 0.18
Sorghum for silage tons 14.76 244
Cotton (lint and seed) 500 pound bales 15.19 1.89
Barley bushels 0.90 0.18
Winter wheat bushels 1.02 0.20
Durum wheat bushels 1.29 0.22
Other spring wheat bushels 1.39 0.23
Oats bushels 0.59 0.11
Rye for grain bushels 1.07 0.18
Rice 100 pound bags 1.25 0.29
Peanuts for nuts (with pods) pounds 0.040 0.003
Sugar beets for sugar tons 4.76 0.94
Tobacco pounds 0.030 0.002
Alfalfa hay tons 50.40 4,72
Small grain hay tons 25.60 4.48
Other tame hay tons 19.80 15.30
Wild hay, including sorghum hay tons 19.80 15.30
Grass silage tons 13.60 1.60

The phosphorus application rate was implicitly set by the ratio of phosphorus to nitrogen in the manure applied. This

ratio varies by livestock type (table 2).

(The census does not identify the acreage of crops that are double cropped. Where double cropping occurs, it is assumed

that each crop would be potentially available for manure application, which may result in more than one manure

application per field in the manure application simulation.)

Land available for manure application

The land base defined to be potentially available for manure application consisted of the 21 crops listed in table 4,
cropland used as pasture, and half of permanent pasture. It was assumed that one-half of the permanent pastureland
would not be accessible by manure spreading equipment because of location, terrain, or trees and other plant growth.
All of the acres of the 21 crops were assumed to be available for both on-farm and off-farm application.’

Priority order in which land would receive manure applications

The simulation routine first applies recoverable manure to crops and pastureland on the farms producing manure
(AFOs). AFOs that do not have enough acres available to meet the land application criteria have farm-level excess
manure. All farm-level excess manure is assumed to be available for export off the farm for land application on

surrounding properties.

" Simulation of land application of manure for off-farm applications in the final report assumed that only 50% of the acres would be available for land

application because of an unwillingness to accept manure. Simulation of land application of manure for on-farm applications in the final report was
adjusted to 90% of the on-farm acres for 2002 to account for limitations due to high phosphorus levels in the soil from past applications.
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For on-farm applications, the simulation routine allocates manure to the highest priority crop present on the farm and
applies manure to that crop according to the application rate criteria previously described. If the acres of the first
priority crop are insufficient to assimilate all of the manure produced on the farm, the routine allocates manure to the
next priority crop. This allocation process is repeated for each of the 21 crops and pastureland on each AFO or until all
of the recoverable manure has been allocated. The farm-level excess manure is allocated in the same way to acres by
crop in each area defined by the intersection of county boundaries and 6-digit HUC boundaries, except that the
allocation is done on the total acres by crop within the area, rather than at the farm level.

The priority order for crops and pastureland receiving manure for both on-farm and off-farm application is as follows,
with the highest priority for feed and forage crops:®
corn for silage

corn for grain

small grain hay

other tame hay

wild hay

grass silage

winter wheat

cropland used as pasture
9. permanent pasture

10. sorghum for silage

11. sorghum for grain

12. alfalfa hay

13. rye

14. barley

15. durum wheat

16. other spring wheat

17. oats

18. soybeans

19. cotton

20. sugar beets

21. rice

22. peanuts

23. tobacco

N ~wWNE

In most areas defined by the intersection of county boundaries and 6-digit HUC boundaries, sufficient acreage exists for
off-farm land application of manure in accordance with the application criteria used. In some areas, however, the
production of manure nutrients exceeds the capacity of the land to assimilate nutrients under the assumptions of the
simulation, resulting in excess manure. This excess manure was assumed to not be land applied.

Per-acre rates of manure application on hayland and pastureland
The simulation estimated the pounds of manure nitrogen and phosphorus applied to each crop and to the two types of
pastureland as well as the acres receiving manure for each. These estimates were then aggregated within each 6-digit
HUC and used to estimate:
1. The proportion of legume hayland, non-legume hayland, and pastureland acres receiving manure, and
2. The nitrogen and phosphorus application rate (pounds/acre) for legume hayland, non-legume hayland, and
pastureland for the acres that received manure.

Per-acre rates of land application of recoverable manure on hayland and pastureland and the proportion of acres
receiving manure by 6-digit HUC that were used in the CEAP HUMUS/SWAT modeling are presented in Appendix A.

8 A slightly different priority order was used in the final report.
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Estimating Non-Recoverable Manure Nutrients

The difference between as excreted manure nutrients and recoverable manure nutrients can be broken down into the
following components of non-recoverable manure nutrients:

1. Nutrients in manure as excreted for all livestock types on farms NOT identified in this study as AFOs,
excluding nitrogen volatilization. Manure nutrients originate from all pastured and confined livestock types on
these farms.

2. Nutrients in manure as excreted for all non-confined livestock types on AFOs, excluding nitrogen
volatilization. This consists of manure from pastured livestock types on AFOs.

3. Nutrients in the non-recoverable fraction of manure from confined livestock on AFOs, excluding nitrogen

volatilization and nutrient losses during manure treatment, storage, collection, and transfer.

Nitrogen volatilization losses associated with items 1 and 2.

Nitrogen volatilization losses and other nutrient losses during manure treatment, storage, collection, and

transfer of manure from confined livestock on AFOs (item 3).

o~

These five sources of non-recoverable manure nutrients are calculated separately.

Nutrients in manure as excreted for all livestock not on AFQOs and all non-confined livestock on AFOs (items 1 and 2 in
the above list) were estimated by multiplying the quantity of manure as excreted (wet weight) times the nutrient content
of manure as excreted. The nutrient content coefficients for each livestock type are shown in table 2. The nitrogen
estimates were further adjusted to account for nitrogen lost to the atmosphere through volatilization, primarily as
ammonia. For all livestock types and regions of the country, it was assumed that 35 percent of the non-recoverable
manure nitrogen as excreted would volatilize and thus would not be part of the manure nitrogen loadings on agricultural
land.

Nutrients in the non-recoverable fraction of manure from confined livestock on AFOs (item 3 in the above list) were
estimated using the same nutrient content coefficients as used to estimate manure nutrients in the recoverable fraction
(table 2). The nitrogen estimates were further adjusted to account for nitrogen lost to the atmosphere through
volatilization, primarily as ammonia, which was assumed to be 35 percent of the as-excreted amount of manure
nitrogen.

Per-acre rates of non-recoverable manure nutrients used for modeling

For use in CEAP HUMUS/SWAT modeling, non-recoverable manure nutrients consist of the manure nutrient
components in the first 3 items listed above. Non-recoverable manure was allocated to pastureland and rangeland (range
grass and range shrub) in the CEAP HUMUS/SWAT model. Since the model requires inputs at the 8-digit level, the 6-
digit HUC estimates were used for each of the 8-digit HUCs within the corresponding 6-digit HUC.

Nutrient losses were not included in the loadings, as these would not generally be used in watershed modeling. The bulk
of these losses for nitrogen represent volatilization losses, mostly as ammonia, which would not be expected to
contribute to runoff or leaching. Double-counting of nitrogen sources would occur if these volatilization losses were
included in the manure nutrient inputs, as atmospheric deposition is already included in the HUMUS modeling as a
nitrogen source. Small amounts of phosphorus and nitrogen are also lost during the collection, transfer, storage, and
treatment of recoverable manure (transport off-site by wind or water, biological activity, on-site accumulation), a
portion of which also would not contribute to leaching or runoff.

Average per acre rates for nitrogen and phosphorus for each 6-digit HUC are shown in appendix B. The rates presented
in appendix B are the ratio of the pounds of non-recoverable manure nitrogen or phosphorus derived from the 2002
Census database to the acres of grazing land on farms as reported in the 2002 Census database. Appendix B excludes
estimates for 2-digit HUCS 13-16 and 18 (Western and Southwestern basins) because CEAP HUMUS simulations were
not conducted for those basins.

An adjustment factor (shown in appendix B) was applied to the per-acre rates in appendix B to obtain grassland nutrient
application rates used in the HUMUS model to correct for differences in estimated grassland area. The application rates
presented in appendix B are based on grazing land acres on farms, which include permanent pasture and rangeland,
pastured woodland, and cropland used as pasture as reported in the 2002 Census database. However, the acres
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designated as pastureland and rangeland used in the HUMUS modeling were based on the Multi-Resolution Land
Characterization (MRLC) consortium National Land Cover Database (NLCD) for 2001, which was not restricted to
land on farms and also would not likely have included a portion of the pastured woodland. The adjustment factor is the

ratio of census acres (used to calculate the rate) to the acres of pastureland and rangeland used in the HUMUS

modeling. In most cases, this ratio was less than 1 because the land-cover database included grassed areas not on farms.
In these cases, application of the adjustment factor assures that the nutrient loadings used in HUMUS are equal to the
total amount of non-recoverable manure nutrients estimated using census data.

In some cases, however, the initial adjustment factor exceeded 1, indicating that the census acreage exceeded the land-
cover acreage estimate. In most of these cases, the two estimates were close. The adjustment factor was capped at 1 for
these cases to prevent over-application on a per-acre basis, which can lead to exaggerated estimates of leaching and
runoff for those areas. The total manure nutrient loading for these 6-digit HUCs, however, is somewhat less than the
amount of non-recoverable manure produced by the 2002 livestock population.

Organic and inorganic components of non-recoverable manure nutrients
In addition to the total nitrogen and phosphorus loadings, the CEAP HUMUS/SWAT model requires a breakdown of

the organic and inorganic (mineral) fractions, and a further breakdown of the mineral nitrogen fraction into ammonia or
ammonium and less volatile forms of nitrogen inorganic compounds. The coefficients used to estimate these

components of manure nitrogen and phosphorus loadings are presented in table 6.

Table 6. Coefficients used to calculate the breakdown of non-recoverable manure nutrients into organic and inorganic

(mineral) fractions

Proportion of

Proportion of inorganic Proportion of Proportion of
Proportion of manure nitrogen manure nitrogen manure manure
manure nitrogen in in inorganic asammonia-  phosphorus in phosphorus in
organic form form ammonium organic form inorganic form
Confined livestock types
Fattened cattle 0.8 0.2 0.7 0.4 0.6
Veal 0.5 0.5 1.0 0.4 0.6
Milk cows 0.6 0.4 0.7 0.3 0.7
Breeding hogs 0.4 0.6 1.0 0.4 0.6
Hogs for slaughter
All types except nursery pigs 0.2 0.8 1.0 0.4 0.6
Nursery pigs 0.4 0.6 1.0 0.4 0.6
Chicken layers 0.3 0.7 1.0 0.4 0.6
Chicken pullets and broilers 0.9 0.1 1.0 0.4 0.6
Turkeys and ducks 0.9 0.1 1.0 0.4 0.6
Partially confined pastured livestock types
Beef calves, heifers, breeding stock, beef
stockers, grass-fed beef and dairy calves 0.6 0.4 0.5 0.4 0.6
Dairy heifers and dairy stockers 0.6 0.4 0.5 0.3 0.7
Horses, ponies, mules, burrow, and donkeys 0.9 0.1 0.6 0.4 0.6
Sheep and goats 0.8 0.2 0.6 0.4 0.6
Pastured livestock types
Beef calves, heifers, breeding stock, beef
stockers, and grass-fed beef 0.5 0.5 0.67 0.4 0.6
Dairy calves, heifers, and stockers 0.8 0.2 1.0 0.3 0.7
Horses, ponies, mules, burrow, and donkeys 0.9 0.1 1.0 0.3 0.7
Sheep and goats 0.7 0.3 1.0 0.4 0.6
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Appendix A. Land application of recoverable manure on hayland and pastureland, by 6-digit HUC

Manure nitrogen application rate for acres Manure phosphorus application rate for acres
Proportion of acres receiving manure receiving manure (pounds/acre) receiving manure (pounds/acre)

6-digit Non-legume Non-legume Non-legume

HUC hay Legume hay Pastureland hay Legume hay Pastureland hay Legume hay Pastureland
10100 0.01480 0.00000 0.00006 93.7 0.0 75.0 37.8 0.0 20.6
10200 0.03350 0.05262 0.00349 67.8 316 57.1 28.9 139 24.7
10300 0.06067 0.00084 0.01091 66.9 262.1 66.9 28.5 110.8 28.9
10400 0.17506 0.11261 0.17987 81.7 206.5 60.2 34.2 100.5 24.2
10500 0.07390 0.00235 0.00523 72.3 2122 65.0 37.0 89.7 27.8
10600 0.03271 0.00297 0.01063 745 29.4 355 33.0 15.6 15.1
10700 0.05070 0.00235 0.00940 71.9 165.8 46.5 313 77.1 21.6
10801 0.07340 0.00651 0.01053 74.8 194.4 68.7 32.2 87.2 29.3
10802 0.02973 0.00229 0.01499 85.2 2435 57.1 36.8 105.6 24.4
10900 0.04698 0.00517 0.01353 73.6 141.6 53.1 34.0 61.0 23.0
11000 0.01831 0.00269 0.00777 80.7 2129 68.8 355 92.3 29.8
11100 0.11996 0.00689 0.01852 1133 166.7 51.3 47.9 70.5 21.6
20100 0.07676 0.00517 0.02570 87.5 105.2 59.3 36.9 45.6 25.1
20200 0.03470 0.00300 0.01655 66.9 197.2 54.3 284 88.3 22.6
20301 0.00559 0.00191 0.00130 73.2 150.1 62.4 35.0 734 30.2
20302 0.00154 0.00000 0.03077 39.6 0.0 40.7 22.8 0.0 23.2
20401 0.10587 0.00675 0.01290 59.4 2414 48.7 25.5 106.1 20.3
20402 0.08825 0.01235 0.02467 84.0 294.1 51.0 383 144.2 231
20403 0.14264 0.00053 0.00878 68.8 252.0 394 29.6 161.3 217
20501 0.05926 0.00523 0.01725 67.6 195.2 56.2 29.1 87.1 23.6
20502 0.05901 0.01126 0.02390 72.3 170.2 59.9 34.8 77.1 25.7
20503 0.11476 0.03829 0.07896 84.6 230.1 57.9 40.0 104.3 25.7
20600 0.09385 0.06100 0.06494 86.8 2784 60.8 40.2 127.3 27.6
20700 0.20147 0.07015 0.13834 75.8 2422 56.0 36.1 115.9 26.6
20801 0.02274 0.00531 0.00415 62.2 102.1 445 328 57.5 19.3
20802 0.11051 0.03535 0.03811 63.8 156.9 60.1 305 71.9 27.8
30101 0.02494 0.00248 0.00736 58.9 148.4 59.1 30.8 82.6 28.0
30102 0.06789 0.03479 0.02974 84.6 213.6 62.6 46.0 94.3 317
30201 0.18001 0.28358 0.10168 82.8 137.9 62.6 455 70.7 319
30202 0.32255 0.10328 0.17024 89.4 194.6 66.9 50.6 98.9 35.7
30300 0.35108 0.23074 0.23130 91.9 173.3 59.9 49.8 85.5 30.5
30401 0.24513 0.08771 0.17154 74.2 193.8 59.9 35.1 90.9 27.6
30402 0.32218 0.28469 0.19710 82.6 161.2 55.9 44.2 87.1 28.9
30501 0.27981 0.03364 0.09879 78.0 234.2 65.9 37.6 1135 317
30502 0.18793 0.07850 0.14795 785 118.3 59.2 36.4 53.8 26.9
30601 0.28178 0.16876 0.19673 86.5 165.1 56.8 395 74.4 25.8
30602 0.14289 0.00000 0.07431 89.1 0.0 47.0 41.7 0.0 21.6
30701 0.33353 0.07895 0.21478 85.8 100.8 59.5 38.8 453 26.6
30702 0.33286 0.81250 0.27286 128.1 100.8 51.4 59.1 46.0 235
30801 0.09280 0.06594 0.00795 103.5 100.8 50.1 46.0 44.8 221
30802 0.08937 0.00000 0.00724 264.4 0.0 70.8 1133 0.0 30.3
30901 0.26853 0.00000 0.01077 1459 0.0 61.9 62.9 0.0 25.7
30902 0.26642 0.00000 0.00952 141.7 0.0 63.7 61.7 0.0 27.3
31001 0.07704 0.00000 0.00391 2139 0.0 66.4 92.8 0.0 28.4
31002 0.09761 0.00000 0.00697 101.0 0.0 45.1 43.8 0.0 19.0
31101 0.18371 0.00937 0.02297 138.9 100.8 55.7