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Funding for this project was
provided to the Bioproducts
and Biosystems Engineering
Department through two US
EPA 319 grants administered
by the Minnesota Pollution
Control Agency. Additional
significant matching funding
was provided by other state
and local agencies and the

cooperating dairy producers.

The purpose of the project
was to design, install and
monitor sixteen milk house
wastewater treatment systems

in four counties in Minnesota.

The results were used to
develop design and manage-
ment guidelines. Additional
information can be found at
www.manure.umn.edu/

applied/milkhouse_waste.html.
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MILK HOUSE WASTEWATER
DESIGN GUIDE

D.R.SCHMIDT,K.A.JANNI,S.H. CHRISTOPHERSON

INTRODUCTION Milk house wastewater includes residual milk

(i.e. milk that remains in the pipeline, milking units, receiver and bulk tank after
emptying) and the wash water that cleans them, the miscellaneous equipment,
and the milk house floor. This wastewater commonly includes, cleaning chemi-
cals (i.e. detergents, sanitizers and acid rinses) water softener recharge water, and
small amounts of manure, bedding, feed, grit and dirt.

The Minnesota Pollution Control Agency currently does not regulate the design,
construction or inspection of milk house wastewater treatment systems under
Chapter 7080 or specifically under the feedlot rules Chapter 7020. However, milk
house wastewater can be a significant pollution hazard that cannot be discharged
into the waters of the state. The University of Minnesota has conducted a signifi-
cant amount of research on alternative treat-

ment and disposal systems for milk house

wastewater. This design guide will aid in

milk house wastewater treatment system se-

lection, design and siting. Three systems are

discussed in this guide. All three systems

include a primary septic tank prior to the

treatment systems discussed, which are:

» Bark Beds: A large soil infiltration
area covered by wood or bark shreds,
Milking equipment cleaning.



» Aerobic Treatment Units (ATUs) or Recir-
culating Media Filtration (RMF) followed
by subsoil infiltration area,

 Frequent (typically daily) irrigation to
pasture or cropland.
Other feasible milk house wastewater handling
options NOT covered in this design guide in-
clude temporary storage with land application,
chemical flocculation, and dosing systems to a
vegetative treatment area.

Bulk tank cleaning.

Storage and land application options are accept-
able methods of milk house wastewater disposal
provided that the effluent is applied to cropland
in accordance with Chapter 7020. Chemical
flocculation and dosing systems are still in the
experimental phase of development and can be
installed on a case by case basis.

Note also that this design guide DOES NOT
address the handling, treatment and disposal of
effluent from milking parlors using Bark Beds
or Aerobic treatment. The cleaning of milking
parlors, flat parlors, step up parlors, herringbone,
parallel, swing, rotary parlors, etc., generate
significantly amounts of wastewater (per cow)
with high concentrations of solids and nutrients.
Irrigation systems have been designed and con-
structed to handle this wastewater but more data
on these systems are needed. Methods to handle
this stronger waste are currently under develop-
ment.

This design guide also DOES NOT address the
treatment and disposal of colostrum from fresh
cows and waste milk from treated cows or other
large milk discharges (i.e. bulk tank failures).
This waste milk should be disposed of with the
manure handling system or separately from any
treatment option discussed in this publication.

If human waste is added to the milk house waste,
the dispersal system must be designed according
to MN Chapter 7080 rules that deal with house-
hold septic systems. The systems presented here
are not designed to meet MN Chapter 7080 rules
for household septic systems.
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WASTEWATER FLOW

Wastewater flow is the primary design parameter
for all milk house treatment systems. Most milk
house wastewater is generated during the clean-
ing of the milking units, milk pipelines, receiver,
and bulk tanks. Depending on the milking
schedule, the milking units and milk pipeline are
cleaned two or three times per day. Bulk tanks
are cleaned immediately after the tank has been
emptied, typically once per day or once every
other day. Water softener regeneration water also
contributes to this waste stream.

Water flow meters provide the most accurate
estimate of wastewater flow. Correct placement of
these flow meters in the water supply line is criti-
cal and sometimes tricky. Often there are faucets
in the milk house that are used for other purposes
such as supplying water for mixing milk replacer
for calves, washing of tractors and other farm im-
plements, or filling of fertilizer or herbicide tanks.
This water might be recorded by the flow meter
but the water would not enter the wastewater
treatment system. Farmers should document and
subtract this usage to accurately determine the
flows actually entering the wastewater handling
system. Typically, the majority of water used in
the milk house passes through a water softener

so this is often the best location to install the flow
meter. A minimum of two months of daily flow
data provide adequate information for estimat-
ing design wastewater flows but continued flow
monitoring should be part of the system operation
and maintenance plan.

An alternative to a water meter are estimates
based on average per cow water use data. A
study conducted at the University of Minnesota

on 16 milk house waste systems (Schmidt et al.,
2005) found typical flows to be between 2 to

7 gal/cow/day with most farms using less than

5 gal/cow/day. Without any site specific data
(water meter data), an estimate flow of 5 gal/
cow/day should be used for designing the milk
house wastewater treatment system. Note that
this flow estimate is for milk house wastewater
only and does not include any parlor washing or
other wastewater.

Water meter for documenting water usage.



WasTE CHARACTERIZATION

Milk house only characteristics bic Treatment Units (ATUs), and Recirculating
Media Filtration Systems (RMFs). Nitrogen and
phosphorus loading (lbs produced per year) are
the main parameters used for the design of ir-
rigation systems. Total Suspended Solids (TSS)

The second critical input into the system design
is the wastewater characterization. Depending
on the specific system, some of the wastewater
constituents are more important than others.
For instance, Biochemical Oxygen Demand
(BOD,) concentrations are critical for sizing an

TABLE 1. Milk house wastewater characteristics*

aerobic treatment system and soil infiltration mg/LF(-::)sst/T:(l)l(I)(o cal) mg/ﬁf;:/dx;:gan
area but are not critical in a surface irrigation
. o BOD, 1200 750

system. Rather, the sizing of the irrigation ap-

S . - Tss 450 240
plication area is based on the amount of nitro- _
gen and/or phosphorus in the wastewater. Fats Qils and Grease 220 10

) ) Total Nitrogen 65 (0.54) 55 (0.46)
Milk hogse wastgwater_strength (concentration Total Phosphorus 55 (0.46) 55 (0.46)
pf organic r_nate“al " solids, nUt“en_tS: and fats) *Average values based on 5 gal per cow per day from unpublished data from the
is quite variable as it leaves the milk house and | University of Minnesota.

is a function of the time of day and wash cycle.
As such, treatment system designs are based

on the wastewater concentration as it leaves the and Fats Oils and Grease (FOG) are some other
septic tanks. In all treatment system designs general measures that quantify the strength of
there are one or two sep- the waste and are used with other wastewater
tic tanks installed prior to  treatment system designs.
Parlor systems the final treatment. The CAUTION - On a dairy farm there are situations when there
) waste strength leaving is waste milk that cannot be added to the bulk tank (milk
Effluent and flow sampling from two parlor the septic tanks is a func-  from fresh and treated cows) or there is a bulk tank failure
systems was collected monthly over a two tion of concentrations or spill. Since milk has a BOD, concentration of 100,000
year period. One of the farms was averaging in the raw wastewater mg/L (Wright et al., 1998), the addition of waste milk to
about 11 gallons per cow per day while the from the milk house and the wastewater treatment system will significantly overload
other was averaging about T gallons per cow the Hydraulic Retention the aerobic treatment systems and bark beds. Typical milk
per day. Concentration and mass loading data . - : house waste contains effluent approximately 2 to 3 gallons
oo P Time HRT in the septic pp y 8
suggest this difference is primarily dilution tanks. Table 1 shows th of residue milk per day generated during the washing of
water (additional water used in washing) ant S'I able 1 Shows the the equipment, pipeline, and bulk tanks. Depending on the
Bverage BODS concentration for the two sites typical concentrations situation, waste milk from fresh or treated cows would add
was 955 and 1600 mg/L, P concentrations of mllk_house wastewa- two to five times that amount of milk per day to the waste-
were 22 anq 36 mg/L and total nitrogen ter leaving t_he first and water treatment system, significantly impacting the organic
concentrations were 125 and 190 mg/L. second septic tanks. loading and system performance. As such, all waste milk

Mass loading on a per cow per year hasis
was similar between sites with values of 31 e -
Ibs/c/d BODS, 0.1 Ibs/c/d B and 4 lbs/c/d tion is the primary waste

TKN. This sample data was from samples parameter used in the de-

coming out of the second septic tank. sign of Bark Beds, Aero-

The BOD_ concentra- should be kept out of the milk house wastewater treatment
5 system and disposed of with the manure.




SPECIFIC SYSTEM DESIGN CRITERIA

l- .

Primary Treatment

All of the treatment systems discussed in this
guide require a primary septic tank with inlet
and outlet baffles, figure 1. These tanks should
meet all state-specific standards for construction
or placement. The primary septic tank reduces
settleable solids, fats, and grease, and also
serves as a buffer between the final treatment
system and the bulk tank should the entire bulk
tank need to be dumped due to contamination.
Because of these criteria, the primary septic
tank should be sized for a minimum three-day
Hydraulic Retention Time (HRT), the volume
of the bulk tank, or 1000 gallons, whichever is
greater. The recommended procedure for dump-
ing a contaminated bulk tank is outlined below.
Effluent from the primary septic tank is pumped
or flows by gravity into a second septic tank or
to the specific treatment system.

Primary Septic Tank Installation

All septic tanks
must meet the
minimum design
specifications
outlined in MN
Rules Chapter
7080 and be
installed with a
minimum of two
feet and a maxi-
mum of four
feet of soil cover
over the top. See Section 7 of the University of
Minnesota Onsite Sewage Treatment Program

Septic tank installed for primary
treatment on all systems.

Manhole . Ground surface
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Figure 1. Septic Tank

Manual for more information on septic tanks.

If the site conditions do not allow for two feet

of soil cover, two inches of insulation should be
placed over the top of tank before being covered.

The insulation reduces the chance of
the system freezing in cold weather.
At times the site elevations may
require an initial sump be installed
to move the effluent from the milk
house to the first septic tank.

Effluent Filter

A commercial size effluent filter
should serve as the last baffie before
exiting the septic tank. This will help
reduce any suspended material from
exiting the tank. This effluent filter
should be checked monthly after
installation and cleaned with water if
needed. If monthly inspections show
no signs of sludge buildup filter
inspections can be done quarterly.
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Dumping a
Bulk Tank

If the bulk tank milk is
contaminated and needs
to he dumped, the septic
tank can be pumped

and then the bulk tank
drained into the septic
tank and the septic tank
(with the waste milk) can
be pumped again. This
waste milk can be land
applied. Contact your milk
cooperative for alternative
methods of disposing of
this waste milk.




BaArRK BED

How a Bark Bed Works

A bark bed is a relatively flat, soil infiltration
area covered with bark or wood shreds. Effluent
from the septic tank(s) flows into a dosing tank
where it is then pumped via a pressure distribu-
tion system to the soil infiltration area. Effluent
is then pumped through distribution pipes to
either a chamber system or drainfield rock. The
entire area is then covered with 18-24 inches of
inches of bark or wood shreds. The bark cover-
ing allows good oxygen transfer to the effluent/
soil interface which speeds the organic matter
breakdown. The bark also keeps the infiltration
area from freezing in northern climates and aids
in effluent evaporation. Figure 2 shows a sche-
matic of a bark bed.

Profile View

Existing land surface - —— _

N Clean shredded wood
chips or bark -— <

\
\ ~
\ N,
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, Clean drainfield . -~
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N PVC supply line !
S~o__= » Scarify ground surface under proposed bed prior to placement
of materials
* Land slope shall not exceed 6%
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20O}

Figure 2. Schematic of Bark Bed

distribution pipe

 Entire bed is to be at a constant elevation, stay on contour
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Pretreatment

Effluent entering a bark bed must be pretreated
in a primary septic tank with a minimum 3-day
HRT, the volume of the bulk tank, or 1000 gal-
lons, whichever is greater. All bark bed systems
require a second septic tank with a three-day
HRT (for a total system HRT of six days) and
commercial size effluent filter for treatment prior
to distribution in a bark bed.

Infiltration Area

Bark bed size is based on the infiltration capac-

ity of the soil which is a function of soil type. In

addition, treatment requires a minimum two-foot

separation distance (soil depth) to groundwater

or bedrock. This two-foot separation removes

the remaining organic material and reduces nu-
trients in the wastewater and assures
that the system functions hydrauli-
cally. (Note that household septic
systems require a three-foot separation
to groundwater or bedrock to treat hu-
man pathogens.)

2" Rock cover or equivalel
6" Rock cover or equivalel

The infiltration area can be located on
previously farmed cropland, pasture,
or wooded areas where trees and small
vegetation have been removed. It is
important that this location be uncom-
pacted, natural soils to insure good
soil infiltration. In addition, the bark
bed should not be located within 100
feet of wells or sinkholes or 150 feet
of any lakes streams or wetlands.

Bark Bed Sizing

A combination of organic (BOD,) and
hydraulic loading are the basis for siz-
ing the infiltration area. Table 2 shows




the recommended size of infiltration area needed
based on average effluent strength from the sec-
ond septic tank of 750 mg/L BOD,. These sizing
factors are based on the soil texture and the abil-
ity of the soils to breakdown the organic matter
and are approximately six or more times larger
that of typical home septic systems. Dividing
the Loading Rate, found in Table 2, by the total
daily wastewater volume per day will determine
the size of the soil infiltration area. Note that
these Loading Rates are based on the concentra-
tions listed in Table 1. Additional wastewater
treatment to reduce these concentrations, sig-
nificant deviation in water usage, or additions of
manure to the system (e.g. parlor waste), would
change these factors.

TABLE 2. Loading Rates for bark bed systems with

2 septic tanks for pre treatment

Soil Texture *Loading Rate
(gpd/ft?)

Coarse sand, medium sand, and loamy sand 0.32
Fine sand, sandy loam or loam 0.16
Siltloam, silt, or clay loam 0.12
Sandy clay, silty clay or clay 0.06

*Loading Rate based on a BOD, of 750 mg/L and flow of 5 gpd or a BOD loading

rate of 0.0062 Ibs/gal.

Bark Bed Siting and Layout

To perform properly, Bark Beds must be con-
structed with 0% slope in all directions. Due

to construction practices and pumping require-
ments, the recommended maximum bed width
is 30 feet and the maximum bed length is 220
feet. If there is a choice, the infiltration area
should be narrow (10 feet wide) and long rather
than wide and short. Multiple beds can be used
to meet the infiltration area requirements but
should be avoided if possible.

If the area is level and covered with vegetation,
the surface should be roughened with backhoe
teeth to assure that the wastewater will not be

impeded. If there is no naturally level area, the
site should be excavated to achieve a 0% slope.
No more than two feet of top soil should be cut,
Figure 3. Filling in is not allow-
able as the natural soil structure is
required for good infiltration. Soil
surfaces should not be smeared

or compacted during excavation.
In addition, the design infiltration
rate should match the exposed
subsoils. (Often excavation could
uncover different soils than the
topsoil.) Do not select areas with
more than 6% original slope.
Berms are not necessary to keep
the effluent inside the bark bed.
However, runoff water from other
areas should be excluded from
the infiltration area using berms
or site excavation. Large animals
must be kept off the bark bed

to avoid disturbing the bark or compacting the
infiltration area. During and after construction,
heavy traffic on the soil infiltration area should
be avoided to minimize soil compaction.

A backhoe is used to roughen
the infiltration area.

Distribution System Layout

Effluent is distributed to the soil infiltration
area using a pressure distribution system which
insures good distribution of the wastewater over
the entire infiltration area. (Gravity distribution
to the bed is not recommended.) Pump require-
ments and piping design must be sufficient to
deliver two feet of head (water column) to the
bark bed area after accounting for pressure
losses for elevation and pipe friction.

A standard effluent pump is used to supply the
pressure distribution system. The pump is set in
the pump compartment of a two compartment
tank or in a separate dosing tank sized for a one-
day HRT or a minimum of 500 gallons. To avoid
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pumping solids into the infiltration area, the pump
intake should be located a minimum of six inches
off the bottom of the tank.

The pump is controlled with a high-low float
switch. Pump floats should be adjusted so

the bark bed is dosed at least once per day to
minimize system freeze up in very cold weather.
The minimum dosing should be a volume of
five times the
distribution
pipe volume.
This mini-
mum pumping
volume insures
even pressures
and distribution

Max 2 feet

tion pipe is laid on top of the gravel spreader,
covered in two inches of rock and then covered
with synthetic landscape fabric to limit plug-
ging of the gravel with the fines from the bark
or wood shreds. When using a chamber system,
the distribution pipe is suspended at the top of
the chamber with plastic ties or mounted per
the manufacture’s specifications. All pressure
distribution pipe laterals must be placed at the

Berm to divert runoff
from hill slope.

throughout the

infiltration area.

A high alarm

float must also be in-

stalled to warn of a system failure

such as a pump failure or excess surface water
entering the
system. Details
on pump and
piping calcula-
tions can be
found in Sec-
tion 9 of the
the University
of Minnesota
OSTP Manual.

Effluent distri-
bution in the
soil infiltration
area can be
done in two
ways. Pres-
sure distribution pipe can be laid on top of a
gravel spreader or hung in a chamber designed
specifically for wastewater distribution. A gravel
spreader of drainfield rock must at least six
inches deep and five feet wide. The distribu-

Gravel, distribution pipe, geotextile fabric and bark
media being installed.

PAGE 8

Max 30 feet

Figure 3. Bark Bed layout on a hillslope

same elevation for uniform distribution. If this
is not possible, see Section 12 of the University
of Minnesota OSTP Manual for specific design
changes related to elevation differences in pres-
sure distribution systems.

Each pressure distribution lateral will feed a soil
infiltration area 10 ft wide (5 ft on each side of
the pipe). As such, the minimum distance be-
tween lateral distribution lines is ten feet. Bark
or woodchip covering must extend five feet from
the centerline of the pipe in both directions and
on the ends. Note that the five foot of covering
on the ends of the laterals are included in the ef-
fective infiltration area of the bark bed.

The sizing of the pipe and pump is critical in
the design and performance of a bark bed. The
distribution laterals are fed by a manifold pipe.
This manifold can feed the laterals from either
the center or an end as shown in figures 4 and
5. The sizing of the manifold and other design
parameters are based on the geometry of the
distribution system.




Pipe Sizing and Hole Spacing

eral pipe sizes, manifold size, and hole spacing
and size in the
lateral pipes.
All of these
parameters are
interrelated
and used to
determine

the size of

the pump. In
general, two-
inch Schedule
40 PVC pipe
is used with
Yainch holes
drilled every
five feet. (For
designs with
other hole
spacings see
Section 12 of

Holes are drilled in
distribution pipe.

the University
o of Minnesota
Distribution pipe is hung OSTP Man-
in chamber.
ual). Holes
are drilled on

the bottom side of the pipe when gravel spread-
ers are used. When using chambers, refer to the
manufacturer specifications for hole location,
making certain that some of the holes are on

the bottom side of the pipe so the pipes drain
completely after the pump shuts off. In addition,
a Y inch hole should be drilled into the end cap
of each of the lateral pipes to release air pressure
during filling of the pipe.

To maintain good distribution along the length
of a single distribution pipe, a maximum number
of 22 quarter-inch holes can be drilled. There-
fore, with a hole spacing of five feet the maxi-
mum length of any lateral pipe length is 110 (5
foot spacing x 22 holes.) Systems with a center

Several factors are critical in determining the lat-

manifold (Figure 5) can distribute effluent over a
bed length of 220 feet (5 foot spacing x 22 holes
x 2 directions).

The pressure in these lateral distribution pipes
should be maintained at 2 feet of head (0.86
psi). With this pipe, hole sizing, and pressure,
the flow rate through each hole is 1.04 gallons
per minute and the velocity in the pipes will be
greater than the minimum recommended veloc-

manifold pipe \

clean outs

-
alternate location
of pipe from pump

Figure 4. End manifold design

_ - Cleanouts ~~ ~<

Manifold pipe<
\

- Alternate location
of pipe from pump

Pipe from pump

Figure 5. Center manifold design

ity of two feet per second. To determine the
total flow rate in the system, multiply the total
number of holes in the system by 1.04.

Manifold sizing is based on the number and
spacing of distribution laterals. Laterals are
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spaced at ten-foot intervals along the manifold.
With only one distribution line there is no need
for a manifold as the supply line will feed the
lateral directly. With two laterals the length of
the manifold pipe is ten feet. With three laterals,
the manifold length is 20 feet. Manifold diam-
eter should be the same size as supply line or
larger. The supply line should enter the bottom
of the manifold to allow for good drainback and
can be placed at any location along the length of
the manifold.

Pump Sizing

Pumps are sized using the design flow rate and
pressure. Pressure is required to evenly distrib-
ute the effluent to the infiltration area, account
for elevation differences between the pump and
the lateral distribution lines, and overcome fric-
tion losses in the piping system.

To provide even distribution in the distribution
laterals two feet of head is recommended.

Pressure loss due to elevation differences is a
function of the individu-

TABLE 3. Friction losses in supply main al Slt.e layouj[. The pres-
sure is the difference in

(ft head loss, 100 ft pipe) elevation between the

bottom of the pump and

Flow Nominal Pipe Diameter

(gpm) 2inch 3inch the distribution line.
15 0.42 = Pressure loss due to fric-
20 0.73 - tion in the supply line,
25 111 = manifold and laterals is
30 1.55 0.23 a function of the flow

35 2.06 03 rate, pipe diameters, and
40 2.64 0.39 pipe lengths. Table 3

45 3.28 048 shows the friction loss
50 3.99 058 in the main supply line
60 5.6 0.82 (per 100 ft of length).
70 109 Friction pressure losses
80 59 in the manifold and

9 173 lateral distribution lines

second.

Values in italics mean that the combination of flow rate and pipe
diameter will result in a velocity less than the required 2 feet per

are minimal and are
taken into account with

the hole sizing and spacing.

In addition to the friction losses along the length
of the supply line pipe, there are additional
friction losses in each pipe connection (elbows,
joints, etc). These losses can be calculated
individually (per pipe connection using various
tables or charts) or can be estimated by adding
25% more to the length of supply line to account
for these losses. Note that if the supply line is
very short and there are several joints in the
system this 25% increase may not account for all
the friction losses. Conversely, if there are few
joints and elbows with a very long supply line
the friction losses may be significantly less than
the 25% value.

Example 1: Pressure loss calculation.

Calculate the total head loss in a piping system
that has a total flow rate of 50 gpm, 200 feet of 2
inch main supply line, two 75 foot 2-inch distri-
bution line, and an elevation difference between
the bottom of the pump and the lateral distribu-
tion pipes of 10 feet.

To work effectively, the system should be pres-
surized at 5 ft of head. The elevation difference
from the bottom of the septic tank to the distri-
bution pipe is 10 feet. The total pipe length is
350 feet but friction losses are only calculated in
the supply line (not the perforated distribution
lines or manifold). Using Table 3, the friction
loss per 100 feet of pipe with a flow of 50 gpm
is 3.99 ft. Therefore, the pressure loss due to
pipe friction is 7.8 feet. (200 ft x 3.99 ft/100
ft). Adding the 25% for additional losses due to
joints and elbows the pressure requirements of
the pipe is 9.8 feet. The sum of these losses is
21.8 feet (5+10+9.8).

Distribution Line Slopes

Placement of the dose tank and piping must
insure that supply lines and manifold pipes drain
back into the dose tank. Final slopes of 1% or
more back to the tank are sufficient. To achieve




this minimum final slope at all locations in the

system, all pipe trenches should be dug at a
slopes of 1.5 to 2%. The manifold pipe must be
installed below the distribution laterals so the
entire system can drain back into the pump tank.

Bark Bed Covering

Once the distribution system is in place, the infil-
tration area should be covered with 18 to 24 inch-
es of bark or wood shreds. Currently, there are no
design specifications on the bark or wood shreds
used. The purpose of the shreds is to insulate the
infiltration area,
allow good
oxygen trans-
fer to the soil,
and enhance
evaporation.
As such, the
primary criteria
are to have large
pore spaces
in the mate-
rial. Breakdown
of the wood material over time will reduce the
porosity and restrict oxygen transfer to the soil
interface thus increasing the risk of soil plugging
and seepage from the edge of the bark bed. As
such, hardwood bark or wood chips/shreds are
preferred to softwoods. Avoid material with lots
of small particles or fines.

Chambers are covered in bark.

Avoid driving on the infiltration area during the
placement of the wood or bark. This will help
maintain soil infiltration capacity.

Inspection and Maintenance

Install inspection pipes, vertical capped 4-inch
PVC pipe, at the ends of all distribution pipes
for inspecting the soil infiltration area. The bot-
tom of the pipe should extend through to the bot-
tom of the rock spreader or through the chamber.
This inspection pipe should rise approximately
12-inches above the finished height of the bark

or wood and be anchored firmly in place. These
inspection pipes allow a visual assessment of
ponding in the

infiltration

area. Exces-

sive ponding is

an indication

that the soil is

plugging due

to excessive

organic loading

to the system

or too much

water is getting

to the system.

Every three

months the Typical layout of a bark
system should bed system using chambers.
be checked.

This monitoring includes a check of the effluent
filter, ponding in the infiltration area, and seepage
around the perimeter of the bark bed. Excessive
buildup of solids on the effluent filter indicate
high organic loading. If this occurs, investigate
the equipment and management practices in the
milk house that might allow excessive waste milk
or manure into the system. Seepage around the
edges of the bark bed indicates system failure.
Seepage could be due to excessive

water getting in the treatment sys-

tem from water leaks in the milk

house, soil plugging of the infiltra-

tion area due to high organic load-

ing, or channeling of the effluent in

the infiltration area. The source of

the problem should be investigated

and the system repaired.

Add additional bark when depth
over the spreader or chamber is less
than twelve inches.

A finished bark bed.
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From first
septic tank
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IRRIGATION

How Irrigation Systems Work

Irrigation systems are used to distribute milk
house wastewater on pasture or cropland. These
systems are designed to distribute the effluent at
agronomic rates on large areas with minimum
erosion potential defined as flat areas (less than
3% slope) with minimal ground cover or well
vegetated areas with up to 15% slopes. Compo-
nents of the irrigation system include a primary
septic tank, a dosing tank, pump, piping, and
irrigation heads. Critical design inputs for the
system are the daily effluent volume, the effluent
nitrogen and phosphorus concentrations, pump
and piping requirements to meet the pressure
and flow needs of the irrigation heads, and all
site elevations. Figure 6 is a schematic of a typi-

4x4 wooden post
\

- Existing land surface
/ Winter wobbler head

riser
|

Second septic tank ~

D(a'mbaf-k

Figure 6. Irrigation System Schematic

cal irrigation system. The irrigation system can
handle all wastewater from the milk house and
unlike the other systems can handle some waste
milk.

PVCinsulated

- PVC supply line
~ -~ “minimum slope = 2%

"~ ~Valve junction

Pretreatment

Effluent from the milk house must be pretreated
in a primary septic tank with a minimum three-
day Hydraulic Retention Time (HRT) to remove
large solids and some of the fats and oils. The
primary tank must also be larger than the bulk
tank and have a capacity of at least 1,000 gal-
lons. Effluent from the primary septic tank flows
into a second septic tank, sized to provide an ad-
ditional three-day HRT, that serves as the dosing
tank for the system. Additional storage capacity
in the dosing tank provides a margin of safety

if a system failure occurs or if irrigation needs
to be suspended for crop harvesting. Both the
primary septic tank and the dosing tank must be
constructed and installed according to MN Rules
Chapter 7080. Additional
tanks for pretreatment

can be used for additional
solids settling. However,
the longer the HRT, the
greater potential there is
for odor emissions during
irrigation.

Summer
impact head

Sizing the
Irrigation Area

The primary design con-

sideration for sizing the

irrigation system applica-

tion area is the amount

of pasture or cropland
required for using the nutrients in the effluent
at agronomic rates. The nutrient distribution
requirements can be based on either phosphorus
(P) or nitrogen (N). Wastewater volumes and
effluent characteristics suggest that a milk house
will produce 0.98 Ibs/c/yr of N per year and 0.84




TABLE 4. Fertilizer recommendations for typical crops

Crop Yield range N removed P,0, removed *Elemental P removed
Comn Corn 100-200 bu/acre ~0.8Ibs/bu 0.34 lbs/bu corn 0.15 Ibs/bu
(80-160 Ibs/acre) (34-68 Ibs/acre) (15-30 Ibs/acre)
Soybeans Soybeans 30-50 3.51bs/bu 0.82lbs/bu 0.36 lbs/bu

Corn-Soybean Rotation
(2-yr average)

Pasture or Grass

bu/acre

2-5tons/acre

(105-175 Ibs/acre)
92.5-167 Ibs/acre/yr

27 Ibs/ton
(54-135 Ibs/acre)

(25-41 Ibs/acre)
29-54.5 Ibs/acre

8.9 Ibs/ton
(18-45 Ibs/acre)

(11-18 Ibs/acre)
13-48 Ibs/acre

3.9 Ibs/ton
(7.9-19.8 Ibs/acre)

*Multiply by P,0, by 0.44 to convert to elemental P.

Ibs/c/yr of P. Approximately 60% of the total N
in the effluent is in the ammonia form (NH,) and
will likely be lost through volatilization during
irrigation. This means approximately 0.39 Ibs

of N are available in milk house wastewater per
COW per year.

For systems where the effluent will be spread to
permanently vegetated areas or flat areas where
there is little risk of soil erosion, the irrigation
area should be based on the N removed (i.e. in
the harvested crop) from the area. These values
are given in University of Minnesota Extension
Publication #BU-06240 Fertilizer Recommenda-
tions for Agronomic Crops in Minnesota which

are summarized in Table 4. For irrigation sites
where the effluent will be spread on cropland
that has a high potential for soil erosion the ir-
rigation area should be based on the P removal
of the crop. Irrigation areas based on P removal
will be significantly larger than those based on N
removal.

Using these recommended values the following
equations can be used to determine approximate
areas needed for nutrient distribution from milk
house wastewater only (no parlor water).

Where

AP and AN are the area in ft? required for wastewater ap-
plication based on either P or N rates.

2
0.84 5P 43,560’i 227 L x4 cows
4 - cow: yr acre PO, _ 80,060 * #cows
" FP FP
(1)
2
0.39lbi * 43,560 S #cows
cow: yr acre 17,000 * #cows
AN = = (2)

Fy

Fy

FP and FN are the crop nutrient uptake in Ib/acre for P,0, or N respectively.
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Wobbler™ head used for winter or
summer application.

Irrigation Zones and Heads

Milk house wastewater irrigation systems
typically are designed with a minimum of two
separate irrigation areas or zones. One or more
zones are used for winter application and one or
more zones for summer application. When ef-
fluent is applied to pasture or cropland the zones
can be managed to allow one zone to dry prior to
harvest or grazing. Additional zones (more than
two) may be required based on pumping and
pressure requirements but may also be desirable
because of the increased flexibility in nutrient
distribution and hydraulic loading of the zones
to better manage crop harvest or pasture use
(e.g. more flexibility drying of zones for harvest
or grazing). Multiple zones also offers some
backup should one zone
fail due to freezing or
clogging of the sprinkler
heads. The total area
required for nutrient dis-
tribution is the sum of all
the zone areas used.

Irrigation zones are
often designated by the
type of irrigation head
used. During winter, a
Wobbler™ head with a
9/32 inch orifice diam-
eter is used. This is a
frost-resistant head that
emits effluent in a 50
foot diameter circular
pattern which covers an
area of approximately
2000 ft>. These heads are
designed in such a way that they do not freeze
during winter application. Wobbler™ heads can
also be used in the summer but typically a tradi-
tional impact head is used because of their larger
spread pattern.

Impact irrigation head used for summer irrigation.

Traditional impact heads have a 100-150 foot
diameter distribution pattern (areas of 7800 ft*
to 17,700 ft*). The impact heads should be brass
(vs plastic for a longer life) and have a minimum
orifice diameter of ’2-inch to handle the solids
that may be in the effluent. Some impact heads
allow for part-circle irrigation giving greater
flexibility in the layout and management of irri-
gation zones. Impact heads used can have either
a low or standard trajectory (angle of water leav-
ing the irrigation head), either is fine for this use.
These heads can be installed on the edge of crop
fields and the effluent can be spread over grow-
ing crops. Effluent has been spread on pasture,
soybeans and corn with no negative effects. Ap-
plication to alfalfa should be avoided due to its
intolerance to high moisture conditions. Two to
three days prior to harvest or grazing, the irriga-
tion should be discontinued (switch irrigation
zones) to allow for adequate drying of the area.




Effective Application Area

The effective area covered by a system with
multiple risers and sprinkler heads is a func-
tion of the diameter of the spread pattern and
the amount of overlap which is determined by
the spacing of the risers. The overlap pattern is
shown in figure 7 and calculations to determine
the effective application area with systems that
overlap is calculated below. Good overlap (spac-
ing between risers less than 70% of the spread
diameter) for good nutrient distribution in an
area. However, it is typically more economical
to not have any overlap between the sprinkler
heads because more area will be covered with
fewer heads. In calculating the application area
with systems where the riser spacing is greater
than 100% use the area covered per head (cal-
culated by aD*4) multiplied by the number of
heads in the system. This area should be equal
to or greater than the required application area
based on nutrient loading.

Application Area with Heads with
360° Spread Patterns with Overlap

The effective area for systems of head with 360°
spread patterns can be calculated using the fol-
lowing equation. Note that this equation slightly
overestimates the application area of the irriga-
tion heads.

EAA=[(N, -1)* S, +D] * [V, -1) * S, + D] 3)

Where

EAA= Effective Application Area (ft?)

NL= Number of heads along the length of distribution
lines

NW = Number of rows of distribution lines

SL = Spacing of heads along distribution lines (ft)
SW = Spacing between distribution lines (ft)

D = Diameter of spread pattern (ft)

For example, a typical winter zone using
Wobbler™ heads supplied wastewater at 10
psi will have a a spread diameter of 52 ft (D).

Assuming a head spacing of 30 ft along the
length (SL) and a 30 ft width spacing (SW), the
effective area for § sprinklers in two lines (NW
= 2) with four heads per line (NL = 4) as shown
in the figure 7 below would be

((4-1) x 30 +52) x ((2-1) x 30+52) = 142 x 82 =
11,600 fi2

Application Area with Heads with
180° Spread Patterns with Overlap

For a single row of impact heads set to apply
only in a 180° spread pattern (such as on a fence
line) the effective distribution area is calculated
using the following formula.

EA4=|(v, -1) *S, + D] *% o)

For example, consider four impact heads (NL =
4) with 100 foot spread diameter (D) set along a
fence line as per figure 8. Using a spacing of 80
feet (SL) between heads and setting the heads
to only spray 180° the effective application area
would be calculated as follows.

Effective Application Area (ft) = ((4-1) x 80
+100) x 100/2 =17,000 ft?

Figure 8. Typical field layout for summer irrigation along a fenceline
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Table 5 was created using equations 3 and 4 and Irrigation Head Selection
is applicable with the noted spread diameters

T™M
and spacings. Performance data for the Wobbler™ and a select

impact head is given in Table 6. Avoid designs
based on the minimum pres-

TABLE 5. Effective Application Area (ft?) using standard heads and spacing sures listed in Table 6. Al-
Wobbler Heads Impact Head thoth itis pOSSibIe to operate
#heads/row 55' dia 55'dia Full circle Half circle at those pressures the distri-
135 dia 135'dia bution pattern is not as even.
1 row 2 rows 1row 1 row The selection of the type and
full circle half circle number of irrigation heads and
1* 2375 - — Lol number of zones is a function
2 5150 - 30983 15491 of several factors that will be
3 7260 - 43740 21870 discussed later. These deci-
4 9378 15942 56498 28249 sions impact the pump selec-
5 11495 19543 = = tion.
6 13613 23141 - -
7 15730 _ _ _ Pumping and Pip-
8 17848 - - - ing
190 :zzzz : : : Efﬂ}lent is pumped from the
Spacing between heads is 70% of the spread diameter. dosmg tan.k ﬂ:erU‘gh SFhEdUle
*Single head calculation = 3.14 * D?/ 4 40 PVC distribution pipe to

the irrigation heads using a

TABLE 6. Performance data for select irrigation heads high-head effluent pump with

Wobbler™ #18 purple 9/32 orifice high/low ﬂoats and a high—
alarm. A simple 24-hour timer

psi 0 2 20 25 30 3 is recommended to allow for
gpm 7.2 8.8 10.2 11.4 12.5 13.5 effluent pumping at certain
dia (5 ftht) 52.0 54.5 55.5 56.0 56.5 57 times of the day. Timing of
Rainbird™ Part Circle 85EHD-LA 1-1/4 inch, 0.5 inch nozzle the irrigation is done to avoid
psi 25 30 35 = 1 - odor problems during certain
gpm 34 37 40 43 46 - times of the day or to allow for
dia (6 ft ht) 120 130 142 150 154 - irrigation during periods when

the system can be observed.
The timer could also be used
to schedule winter irrigation
during the warmer time of
the day to minimize freezing
potential.

Pump pressure requirements
are a function of the type and
elevation of the irrigation




heads and the friction losses in the pipes. Table

6 provides information on the irrigation head
pressure requirements. Friction losses in the dis-
tribution pipes are based on the values in Table
3. Besides the friction losses in the pipe, there
are additional pressure losses due to joints in the
pipe. These can be calculated on a per joint basis
or can be estimated by adding an additional 25%
of pipe length and respective friction loss. Note
that the individual riser pipes have minimal flow
and length and therefore minimal friction loss.
Note also that the conversion of pressure in psi
to feet of head is done by multiplying the psi by
2.3. For instance, the Wobbler™ head listed in
Table 6 requires an operating pressure of 15 psi
for a flow of 8.8 gpm. This pressure is equiva-
lent to 34.5 feet of head loss.

Pump flow specifications are based on the num-
ber and type of irrigation heads and operating
pressures. For any single zone the flow is the
sum of all the flow for all irrigation heads in that
zone. Pump selection is based on the zone with
the highest pressure and flow requirements. Use
the calculated pressures and flows and manu-
facturers’ pump selection curves to select the
correct pump. A typical pump curve is shown in
figure 9.

For more information on pump sizing and
calculating of pressure losses in the system see
Section 9 of the University of Minnesota OSTP
Manual.

Distribution Pipe

The diameter of the distribution pipe is based

on flowrate and expected pressure losses but is
typically two or three inches. Distribution pipe
(schedule 40 PVC) is placed in trenches at least
18 inches into the soil to avoid freezing. Distri-
bution lines must have a final minimum slope of
1% to insure drainback to the dosing tank. Dur-
ing construction, the distribution pipe trenches

should be excavated on a 1.5% to 2% grade to
insure the minimum 1% final grade requirements
are met throughout the length of pipe. Standard
installation practices for pressure pipes should
be followed.

Wobbler™ Heads

Wobbler™ heads are fed by one to two-inch
riser pipes coming off the distribution lines.
Wobbler™ heads,
which are neces-
sary in the winter
but can also be
used in the sum-
mer, must be
mounted above the
maximum snow
depth, typically
five to six feet
above the soil
surface. Risers

are spaced every
25-30 feet to allow
50% overlap of
the 50 to 60 feet
diameter irrigation
spray pattern. This
overlap provides
good distribution
of the nutrients on
the irrigation area.
The elevation of all
heads in a single
zone should be
within one-foot of each other to insure equiva-
lent pressures at the heads and even effluent
distribution between heads.

Summer irrigation with Wobbler™ heads.

Winter irrigation with Wobbler™ heads.
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Total dynamic head, in feet

Riser Pipes

80 E'l\\\é_l Pu::v:,:d:g:m) R_iser _pipe_s, the pipes l?et_wee_n the dis-
70 N Hd /O m O @ tribution lines and the irrigation heads,
\'.." o les 77 s e | havebeenconstructed with %s-inch
60 15 72 s4 | diameter PVC pipe wrapped in expanded
L ;‘5’ o 8 30 ;‘2 fgam and covered with 2” diameter PVC
5o M~ ™\ 30 | 52 50 pipe. Successful systems have also been
T N ;‘g ;"g 26 constructed with 2-inch diameter non-
20 \.\\\ ~\ 60 |25 insulated PVC riser pipe. With rapid sys-
NG N\ 70 |15 tem drainback non-insulated riser pipes
08— \\‘-\ w3 should be adequate.
\O:::Q\\ N Riser pipes must be well anchored to
20 \\\17‘?\ L minimize vibration. Pipes are typically
i Nt attached to 4-inch x 4-inch treated wood-
10 L N ]—>-\ =0+ en posts or larger using galvanized pipe
clamps. Posts should be set in the ground
0 three to four feet in well compacted soil
0 10 20 3 40 50 60 70 80 90 100 or set in concrete to insure maximum

Discharge, gallons per minute

Figure 9. Typical pump curve for high head effluent pumps

Impact Heads

Impact heads are fed with two-inch PVC riser

pipes. Heads are typically mounted at five to six

feet above the soil but can be mounted higher to

spray above the crop canopy. This higher mount-

ing height is critical when the effluent is to be

irrigated on a corn crop where the heads need to
be above the corn.

Generally, use spacing
between heads of 70%
of the spread diame-
ter. For instance, with
a spread diameter of
100 feet, the spacing
between heads would
be 70 feet.

Summer application with impact heads.
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stability. Riser pipes in pastures need to

be protected from animal damage using

electric fencing. All riser pipes and posts

need to be well marked for good visibil-

ity to minimize chances of mechanical
damage by farm equipment.

Control Valves

Valves for controlling the flow to different ir-
rigation zones must be accessible throughout
the year and insulated or protected from freez-
ing. Control valves can be brass slide-gate or
ball valves. Large diameter PVC pipe (8 to 24
in. in diameter) can be used to provide below
ground (i.e. manhole) access to valve assem-
blies. Some type of valve handle extension must
be constructed to reach the valves when a small
diameter pipe is used for valve access rather
than a manhole.

Valve access must be insulated to prevent freez-
ing. Covering the access cover with a straw
bale or filling the access pipe with insulation
have both proven successful. Placing the control




X
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Design Steps

1. Determine the number and size of primary
septic tanks and the dosing tank based on
the number of cows and flow estimate or
water meter data.

2. Determine the amount of land needed
based on crops and estimated nutrients

Valves for controlling irrigation zones (use phosphorus rates if area is in a crop-
located in manhole. ping system where there is potential for
) soil erosion, use nitrogen rates when ap-
valves on top of the septic tanks also protects plying to permanent grasses).

against frost.

The control valve manholes should be backfilled
with six to ten inches of rock or gravel to pre-

vent rodents from burrowing into the access pipe ; ) )
and covering the valves. The rock should extend ments. This can be calculated using a trial

8-12 inches below the bottom of the valve as- and error method using equations 3 and 4
sembly. or by using Table 5.

3. Determine the number of zones and the
number of irrigation heads per zone to
meet the land application area require-

4. Determine the flow and pressure require-
ments for each zone of the system using
the irrigation head information for flow
and pressure, the difference in elevation
between the pump and the irrigation heads
and the friction losses in the pipe.




AEROBIC TREATMENT UNITS AND
REcCIRCULATING VMIEDIA FILTRATION

How Aerobic Treatment Units designed to reduce the organic loading of the

. . . . milk house wastewater to concentrations similar
and Recirculating Media Fil- to household septic wastewater (i.e., 200 mg/L

tration Systems Work BOD,). This reduction in wastewater strength al-
These treatment systems consist of a primary lows the effluent to be distributed into a standard
septic tank, an Aerobic Treatment Unit (ATU) or  Sized septic soil infiltration system.

Recirculating Media Filter (RMF), and a subsoil

infiltration area. Both the ATUs and RMFs are SYStem DeSIgn

Both ATUs and RMFs are commercially

Septic tank . .
R e available. These systems are sized based
commie 7 - tank on the BOD, concentrations and daily
howse / ol reatment flow. Both systems use aerobic micro-

~ system
L7

organisms to reduce the BOD, prior to
discharge to a standard septic infiltration
area. To maintain these organisms, oxy-
gen is added to the system with blowers,
pumps or venturi systems. Many ATUs
employ an inert support material to main-
tain microbial populations (fixed film.)

RMFs add oxygen by pumping the ef-
fluent over a porous media filter. The

Figure 10. Aerobic Treatment System Schematic

Recirculating
media filter

0’"'71/'//”70” o
s
Se,ptic L4 . Recirculation line
L return to recirculation tank

! -z

Recirculation ’ :
tank / 0 s0i tr eatment

Pump System

Figure 11. Schematic of a Recirculating Media Filter Completed Recirculating

Media Filter.




biological
community,
attached

to the
surface of
this media,
break down
the organic
matter.

The media
is con-
tained in

a watertight vessel either below the surface of
the ground or wholly or partially elevated in a
containment vessel. Proper function requires
that influent to the RMF be distributed over the
media in frequent, cycled, uniform doses. To
achieve accurate dosing, these systems require

a timer-controlled pump with associated pump
chambers, electrical components and liquid dis-
tribution network. This frequent, cycled dosing
keeps the media constantly wet. The effluent is
collected in the bottom of the filter and returned
to the recirculating/mixing tank where it either
mixes with fresh septic tank effluent or a portion
is discharged to the infiltration area. Flow split-
ting mechanisms are used to control recircula-
tion and discharge to the subsoil infiltration area.

Aerobic pump supplies air
to wastewater.

Infiltration Area Design

Infiltration areas are sized based on an assumed
treated waste strength of 200 mg/l BOD,, the
daily flow from the particular site (gallons per
day), and the soil characteristics of the infiltra-
tion area. Soil Sizing Factors (SSF) are given in
Table 7.

For milk house systems, the infiltration trenches
must have at least 2 feet of separation from
bedrock or the seasonally high water table to

deal with the remaining BOD, and hydraulic
loading. Note that this is less restrictive than the
household wastewater requirements of three-foot
separation due to the lack of human pathogens
in the waste. Infiltration areas should maintain a
100 foot setback from wells and 50 foot setback
from water bodies (or follow applicable local
and state requirements).

TABLE 7. Loading Rates based on BOD, effluent

concentration of 200 mg/L

Soil Texture Loading Rates

(gpd/ft?)
Coarse sand® medium or loamy sand 1.20
Loamy sand, fine sand, sandy loam or loam 0.59
Silt loam, silt, or clay loam 0.45
Sandy clay, silty clay or clay® 0.24

For these soils, clean sand should be hauled in to achieve the 2 foot separation.
"System should be built above ground as digging in clay soils causes smearing

Installation and Management

Installation of ATUs and RMFs and the related
infiltration areas should be done by trained
professionals. Manufactures’ recommendations
should be followed for all operation and man-
agement of these systems. More

information on ATU and RMF

system installation and manage-

ment can be found the University

of Minnesota OSTP Manual Sec-

tion 10.

Gravel trench for
effluent distribution
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IMi1LK House WASTEWATER TREATMENT
SYSTEM SELECTION

Choosing a milk house waste treatment system
is not always easy. Each of the treatment sys-
tems described above have site limitations. Sites
with high water table or limited soil depth to
bedrock, less than 2 ft, may limit the viability

of bark beds, aerobic systems, or recirculating
media filter systems that discharge into subsoil
infiltration areas. Some farm sites may not have
enough available land for an irrigation system or
site elevations do not allow for proper drainback
of below ground distribution pipes. Some bark
beds, irrigation areas, or infiltration areas have
been located over 350 feet from the milk house
because of site conditions.

In some cases, a combination of systems may
be appropriate. Combinations might include a
bark bed for winter and cropland irrigation for
the summer. This combined system would make
some of the wastewater nutrients available for
crop production and enhance the bark bed’s
useful life. Combination systems can be more
complex because of the different piping and
pumping requirements for the different systems.
Combination systems are also likely to be more
expensive than a single treatment system.

Regulatory Considerations

Locating the septic tanks and infiltration areas
of the milk house waste systems may require
some investigation of state regulations and local
ordinances or building codes. For Minnesota the
following guidance should be used

Septic tanks and infiltration areas must be at
least 50 feet from most wells but 100 feet from
sensitive water supply wells as defined by the
Minnesota Department of Health.

Irrigation systems should follow, at a minimum,
Minnesota Feedlot Rules Chapter 7020 and stay
300 feet away from lakes, streams, intermittent
streams, unbermed drainage ditches and public
waters wetlands.

There must be a minimum of two feet of separa-
tion between the bottom of the infiltration area
and the periodically saturated water table or
limiting condition (this could be bedrock). The
infiltration area should not be located on course
sand. Most research indicates sufficient BOD;
removal and ammonia transformation within 2
feet of unsaturated soils.

General Considerations

Currently, in Minnesota, these systems will be
permitted as part of the feedlot.

In general, the following items should be consid-
ered when choosing an appropriate system.

e Available area

» Depth to bedrock or seasonally high water
table

+ Site elevations to allow for system drain-
back

» Existing milk house effluent pipe elevation
+ Soil texture

» Capital investment

» Operating cost

+ Operation and maintenance requirement

»  Owner preference




OPERATION AND IVIAINTENANCE

All milk house wastewater treatment systems
require regular operation and maintenance.

Septic Tank and Treatment
Tanks

Excessive solids buildup in the septic tanks re-
duces the effective hydraulic retention time and
allows settled solids to move into the secondary
treatment or soil infiltration area. These second-
ary treatment systems and soil infiltration areas
are not designed for this additional solids load-
ing. Excessive organic and solids loading will
shorten the useful life of the soil infiltration area.

Septic tanks should be pumped on an annual
basis and more frequently if solids accumulate
at a faster rate. Septic tanks should be inspected
quarterly for scum and sludge buildup to deter-
mine when the tanks should be pumped. Tanks
should be pumped when solids are 18 inches

or more deep on the bottom of the tank or the
floating scum layer is 4 to 6 inches thick. This
effluent can be land applied.

Solids accumulation in treatment tanks reduces
the treatment efficiency of these systems. Moni-
toring and pumping should be done as recom-
mended by the manufacturer but quarterly moni-
toring and annual pumping is likely required.

Effluent Filter

Effluent filters are commonly installed in the
outlet of the primary septic tank to reduce the
loading on the secondary treatment system by
filtering out suspended solids in the effluent.
These filters should be inspected and cleaned

monthly initially and
less often if these
monthly inspec-

tions show no signs

of buildup. Solids
buildup on the effluent
filter may indicate a
sludge buildup in the
septic tank or exces-
sive organic loading to
the system. If there is
significant buildup on
these filters on a regu-
lar basis the manage-
ment and operation of
the milk house should
be evaluated to deter-
mine if waste milk is
getting into the system.

Waste Milk
Handling

The Bark Bed, ATU
and RMF systems are
not designed to treat
waste milk (colostrum
from fresh cows, waste
milk from treated cows
or bulk tank failures,

Effluent filter from outlet of first septic tank
ready for cleaning.

Scum layer on top of septic tank.

or milk spills). The irrigation system can handle
some waste milk but excessive amounts may
cause odors and will fill the septic tanks

with scum.

All waste milk should be diverted from the
wastewater treatment system. It is critical that
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all employees know that waste milk and co-
lostrum cannot enter the treatment system.
Plumbing within the milk house will facilitate
the diversion of this waste milk from the milk

house wastewater system. Check with the milk
inspector for requirements regarding milk house
plumbing options that will divert waste milk to
the manure handling system. Waste milk is often
fed to other farm animals.

Human wastes

Milk house wastewater systems are not designed
to treat human wastes. Do not allow human sew-
age to enter the milk house wastewater treatment
system.

Rodent control

Rodent control may be needed in valve access
pipes, Bark Beds, or drainfields.

Water usage

Excessive water use could alter the treatment
efficiency and long term viability of the treat-
ment system. As such, flow monitoring is a
integral part of the treatment system operation
and management. Monitoring this usage aids

in troubleshooting any system problems and is
used to determine if excessive water is getting to
the treatment system (more than what the system
was designed for). Monitoring of flow must
include notations about any water use measured
by the flow meter but not entering the treatment
system such as water used for washing vehicles
or water used for feeding calves.

System Specific Maintenance

Beyond these general items, operation and main-
tenance required for all systems are the system
specific items. They are as follows:

» Bark Bed - Inspect for seepage around
the perimeter of the bark bed every three
months. If necessary add additional bark
when bark depth is less than 12 in. Over
time, the bark will decompose and ad-
ditional bark will be needed to maintain
adequate cover over the soil infiltration
area both to protect and insulate the soil.

 Irrigation — Irrigation zones must be
manually controlled for summer and win-
ter operation or if soils become saturated.
Monthly checks should be done to insure
that irrigation heads are not plugged and
no runoff from the irrigation area is occur-
ring. Excessive manure solids and animal
hair can plug irrigation heads.

» ATU or RMF — The life of the soil infil-
tration area following an ATU or RMF is
directly related to the treatment efficiency.
Monthly visual observation of the effluent
will help indicate the unit’s performance.
Semi-annual testing of the effluent will
document system performance. BOD,
concentrations in this effluent should
remain below 200 mg/L. Follow other
maintenance requirements recommended
by the vendor.




DESIGN PROCEDURE OVERVIEW

Design of milk house wastewater handling or
treatment systems can be broken into four phas-
es; 1) site evaluation, 2) preliminary designs for
multiple options, 3) final design selection and
4) completion of final design. Proper design and
installation are required to complete the process.

1. Site evaluation includes an interview with
the dairy producer and a walk around the
site to assess the status and location of
current milk house wastewater disposal,
and options for locating a new treatment
system. This step should provide the
producer with an overview of system op-
tions, assessing their preferred treatment
options, and estimating wastewater flows.
A water meter could be added at this time
and flows monitored for two or more
months to better estimate the wastewater
flow volume. Soil borings should be taken
to determine if sufficient separation to
ground water or bedrock is available and
to determine soil type if a bark bed, ATU
or RMF are being considered as system
options. Two borings in the designated
infiltration area is sufficient.

2. Data collected during the site evaluation
is use to prepare preliminary designs for
a variety of system options that were not

REFERENCES

eliminated during the site
visit due to farmer prefer-
ence, farm layout or soil
conditions.

3. Design options, including
price estimates are then
presented to the producer
and a final decision made

on the appropriate system  Location of milk house, location of
for the site. infiltration area, and elevations are
key design criteria
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EXAMPLE - BARK BED SYSTEM

Assume a 60 cow dairy has an 800 gallon bulk
tank. The producer has decided to install a bark
bed on a silt loam soil with a maximum width
of 25 feet. The elevation difference from the
bottom of the septic tank to the top of the lateral
lines is 8 feet, and the distance from the septic
tank to the bark bed is 150 feet. Assume that no
wells, sinkholes, lakes, streams or wetlands are
located within 150 feet of the proposed bark bed
site. Find the following.

* Required number and size of septic tanks
 Bark bed dimensions

* Length and spacing of the distribution
pipes in the bark bed

e Amount of bark or wood shreds needed

*  Pump pressure and flow required for the
system.

1. Sizing of the septic tanks

» Estimated flow per day is 300 gallons (60
cows x 5 gallons/cow/day).

* The primary and secondary treatment sep-
tic tanks are each 1000 gallons. The two
design parameters are the 3-day HRT or
900 gallons and the 800 gallon bulk tank.
Therefore the smallest septic tank is the
maximum of these two values. However,
septic tanks are commonly found in 500
gallon increments hence the 1000 gal-
lon septic tank would be specified in the
design.

» The dosing tank size is sized with a mini-
mum 1-day HRT so at a minimum a 300
gallon tank is required (larger is OK)

» An effluent filter (Zabel or similar) should
be placed between the second tank and the
dosing tank.

» The tanks selected could be a 2000 gal-
lon tank with two 1000 gallon chambers
followed by a second 500 gallon tank for
dosing or a 1000 gallon tank followed by a
1500 gallon tank with a 1000 gallon cham-
ber and a 500 gallon chamber used for the
dosing tank.

» Consider future dairy herd expansion
when sizing the septic tanks.

2. Calculate the sizing of the soil infiltration
area

* The required size of the infiltration area
(bark bed) is 2500 ft* based on the daily
flow (300 gpd) and a loading rate of 0.12
gpd/ft* (from Table 2) for loam soil.

3. Calculate the piping requirements and
layout of system

* The total length of the bed would be 250
feet using one distribution line (2500+10),
125 feet using two distribution lines or 83
feet using three distribution lines. This is
based on the 5 foot effective area on both
sides of the distribution pipe.

» Using two lateral distribution lines with a
center manifold (figure 5) gives a total bed
length of 125 feet. The total length of the
distribution line is 10 feet shorter than the
bed length because of the requirement for
5 feet of cover on each end of the lines.
With center distribution each of the two
distribution pipes are 57 feet ((125 ft +
2)-5 ft).




X

4. Calculate the amount of bark needed for
the system

+ The total bark bed area is 2500 ft*. The
minimum bark depth is 2 feet so the total
bark required is approximately 5000 cubic
feet or 185 cubic yards (cubic feet dividled 7. Determine the pump size
by 27 cubic feet per yard). An additional « From the pump sizing chart below and the
10% of bark should be included for wast- calculated requirements of 50 gpm and 18
age. A total of 200 cubic yards (185 yd®* feet the pump sizing pump “c” would be
1.D). selected for this site. Pumps “b” and “a”

5. Determine system flow rate wou:d also meet or exceed these require-
ments.

» Total head needed in the pump is (8 + 5 +
7.5) or 21 feet (always round up).

* The number of perforations for the system
is 46 (115 + 5 ft hole spacing = 23 holes
per lateral x 2 laterals). With 46 holes,
the flow required is 48 gpm (46 holes x
1.04 gallons per hole).

6. Determine the pipe sizing and determine

- 20[
pressure requirements

* The head required in the system is 5 ft.

* The elevation difference was stated as 8
feet.

Main supply line
from tank

* In general, 2 or 3 inch pipe is used for
the mainline, depending on flow and Example Layout of System
distance. Distribution pipe are usually 1.5
inch diameter. Using Table 3, the friction
loss at a flow rate of 50 gpm is 3.99 per
100 feet of pipe. For a distance of 150 feet
this total loss is 6.0 feet (3.99 x 150 feet
+100). An additional 25% of loss or 1.5 ft
(0.25 x 6 ft) due to elbows and joints. This
results in total pipe friction loss of 7.5 ft.

« No additional friction losses for the lateral
pipes are added

» No additional friction loss for the mani-
fold. Manifold sizing is the same as the
mainline or slightly larger.




Total dynamic head, in feet

EXAMPLE - IRRIGATION SYSTEM

Assume a 60 cow dairy has an 800 gallon bulk
tank. The producer has decided to install an
irrigation system. Effluent will be applied on
pasture land in the winter and cropland in the
summer. The pasture land yields approximately
3.5 tons/acre while the cropland is in a corn
soybean rotation with corn yields of 150 bu/acre
and soybean yields of 45 bu/acre. The proposed
application area is flat and is about 300 feet
away from the milk house. The elevation differ-

Number and size of septic tanks.
Size of the application areas.

Number, spacing, and type of irrigation
heads and zones.

Flow and pressure requirements and
specify pump.
Other critical system elements.

Sizing of the septic tanks

Estimated flow per day is 300 gallons (60
cows x 5 gallons/cow/day). The primary
septic tank size must be 1000 gallons. This
exceeds the minimum of 3-day HRT, bulk
tank volume, or 1000 gallon minimum.
The dosing tank size is also 1000

gallons to provide the minimum of
3-day HRT.

2. Sizing of the irrigation area

+ Because the application area
is flat the application area should
be sized based on N requirements.
Using 3.5 T per acre yield and a
nitrogen utilization of 27 Ibs/ton
(Table 4) the amount of nitrogen
required on the pasture is 95 Ibs.

Using Equations 2, the application
area required using the N require-
ments on the pasture land is 10,900
ft>. For the cropland the average

N use in the corn soybean rotation
would be 138 lbs/year (150 * 0.8 +

ence from the bottom of the septic tank to the 1.
top of the lateral lines is 14 feet. There are no .
wells, sinkholes, lakes, streams or wetlands are
located within 150 feet of the proposed applica-
tion sites. Determine the following.
160 E.l\ Flow in (gpm)
\\& Pump Models
Head [ ]
140 N (feet) EI b (c) ?
N 10 69 77 108 63
15 72 54
120 20 61 65 40 43
. \gl\ 25 8 25
L 30 | 52 50
100 T~ \_I 0 | 43 26
\I\ N 50 |35
80 \\ \\ 60 25
70 15
\‘\ \ 80 3
60 \l\
\/\\\\\ N
“ =Foe
\ N \-\\\
20 L S Ot
0
0 10 20 30 40 50 60 70 80 90 100

Discharge, gallons per minute

Typical pump curve for high head effluent pumps
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45 * 3.5)/2) requiring approximately
7400 ft* of application area. Assum-
ing that effluent is applied 5 months
on the pastureland and 7 months on




the cropland the area requirements for the

winter and summer zones would be 10,900
*5/12 and 7400 x 7/12 winter application
area required is 4500 ft> and the summer
application area is approximately 4400 ft*.

3. Determining the number of zones and ir-
rigation heads per zone

» Using Table 5, the minimum number of
Wobbler® heads required is two. One
impact head with half circle application
will be enough to distribute the effluent to
the cropland in the summer. Both the two
winter heads and the single summer head
will cover more area than is required as
calculated in Step 2.

4. Determine the pump size for the system

» From Table 6, the lowest operating pres-
sure recommended for the winter heads
is 15 psi. The lowest operating pressure
recommended for the impact heads is 25
psi. This is equivalent to 34.5 and 69 feet
of head respectively. (The multiplier to
convert from psi to feet of water pressure
is 2.3).

* The flow rates for the Wobbler® and
impact heads at these pressures is 8.8 gpm
and 37 gpm respectively. With two
Wobbler® heads the total flow would be
18 gpm in the winter.

» Using Table 3, the friction loss in 100 feet
of 2-inch PVC pipe at a flow of 40 gpm
(summer) or 18 gpm (winter) is 0.73 and
2.64 feet, respectively. With 300 feet of
pipe used, the total friction loss in the pipe
in winter is 3.33 and 7.92 feet. Since this
friction loss is minimal, there is no need to
use 3-in PVC pipe.

- If the irrigation heads are set at 6 feet, the
elevation difference between the pump
and the irrigation heads is 20 feet.

The total pressure on the system is the
sum of all the head pressure, friction

loss and elevation difference for the zone.
The winter zone total pressure is 57 feet
(34.5 + (2.2 * 1.25) + 20). The summer
zone total pressure is 97 feet (69 + (7.92 *
1.25) + 20).

Using the pump chart (figure 9) and the
winter requirements of 18 gpm and 57 feet
of head, the correct pump would be pump
“a”. For the summer zone, the require-
ments are 37 gpm and 97 feet of head.
Irrigation systems require the use of high
very head effluent so it is best to consult
with a pump supplier when selecting the
proper pump.

5. Additional Information

Two valves are required, one for each
zone in the system to allow switching
between the summer and winter zones.
These valves are typically installed in the
system where the main supply line splits
to the two zones.
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