G. Operation and Maintenance

1. Reviews and Plan Modifications

* Dates of Review, including person performing the review and
recommendations that resulted from the review

» Suggested modifications

A revision may be necessary because of a change in

objectives, size of the unit, livestock numbers, economics,

weather conditions, etc.

= Based on the results of implementation, there also may be a
need to look at additional alternatives if the results of plan
implementation are not solving the identified problems or
meeting the landowner’s/operator’s objectives.

2. Operation and Maintenance Procedures

» List of maintenance items to be done periodically to maintain
system.



G. OPERATION AND MAINTENANCE - Cottonwood Springs Dairy
1. Manure and Wastewater Handling Summary

Follow safety and emergency action plan and operation and maintenance

included in individual practice jobsheets in this CNMP, in addition to the following
general items.

a. Manure

Manure produced at the dairy will be removed from the pens at least twice
annually (more frequently if dust is a problem) and either applied onsite or hauled
offsite by a custom manure hauler. Records of manure removal will be
maintained in the CNMP. Manure will be sampled annually o detemmine the
nutrient content of the material. This information will remain on-site and be
provided to the manure hauler to determine appropriate application rates for off-

site fields. Solids will be removed from milkhouse trap area and handled in a
similar manner.

Sludge will be removed from the retention pond when the volume of sludge
reduces the 60-day storage volume in the retention pond. Siudge that is
removed will be stockpiled until it can be utilized in one of the ways described
above. Rainfall runoff associated with the manure stockpile will be contained.

b. Wastewater

The wastewater storage system at the dairy will consist of the utilization of a
pond. A permanent marker will be instalted with a mark identifying the required
~25-year, 24-hour storm volume in the pond. The level of the pond should be

recorded on a weekly basis, after each precipitation event and before and after
pumping occurs.

The wastewater disposal system consists of a combination of evaporation and
irrigation. Wastewater is allowed to evaporate within the pond or pumped for
land application according to the Nutrient Management Jobsheet. Annual
wastewater and soil sampling will be used to determine the appropriate
application rates for each field for the crops grown. Records will include the date
of application, amount of wastewater applied, soil nutrient data, and wastewater

nutrient data from annual sampling. Wastewater will not be land applied when
the ground is frozen or saturated.



Inspections and maintenance are required to obtain intended function of the

waste storage facility. Items to inspect and maintain during the 20-year design
life of the waste storage facility are:

« Do not dispose of dead animals, greases, syringes, or other wastes in the
facility.

» A thorough inspection of clay or geosynthetic liners, and concrete sumps,
pits, walls, ramps and fioors for separations and/for cracks, which would
indicate potential failure. This should be done each time the pond is
emptied. Repairs should be made immediately. _

* Inspect haul roads and approaches to and from the waste storage facility
frequently to determine the need for stone or other stabilizing materials.
Repair roads as needed.

* All pipes, pumps, valves, gates, should be inspected a minimum of twice a
year. Inspect for functional and structural soundness. Repair as needed.

¢ Mow the embankments twice a year. Good vegetative cover should be
maintained on earth embankments. If the vegetative cover is damaged,
embankments should be revegetated as soon as possible. Banks should -
be planted and mulched as soon as the pond is complete. Weeds should
be controlled.

* Check frequently for burrowing animals. When found, remove the
burrowing animals, replace embankment materials and reseed.

* The livestock facility, including the embankments, should be fenced. All
fences and gates should be inspected at least twice a year. Damaged
fences and gates should be repaired or replaced.

Maintain appropriate warning signs.
Safety stations should be inspected at least twice a year. Safety items
should be replaced as necessary.

¢ Immediately repair any vandalism, vehicular or livestock damage to any
earthfills, spillways, outlets or other appurtenances.

« Immediately remove any foreign debris in or adjacent to the waste storage
facility.

2. Land Application of Wastewater

a. The discharge or drainage of irrigated wastewater is prohibited
where it will result in an unauthorized discharge of pollutants into or
adjacent to waters in the state.

b. When irrigation of wastewater occurs, application rates shall not
exceed the recommended fertilizer rate of the crop planned. Land
application rates of wastewaters will be based on the available nitrogen
content; however, where local water quality is threatened by phosphorus,
the producer shall limit the application rate to the recommended rates
based on the Phosphorus Index and Nutrient Management Jobsheet.

C. Wastewater shall not be irrigated when the ground is frozen or
saturated or during rainfall events.
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d. Irigation practices shall be managed so as to reduce or minimize
ponding or puddling of wastewater on the site, pollution of waters in the
state, and prevent the occurrence of nuisance conditions.

e. If a CAFO surface water discharge permit is in place, It shall be
considered “Proper Operation and Maintenance” for a facility which has
been properly operated, and that is in danger of imminent overflow due to
catastrophic rainfall, to discharge wastewaters to land application sites for
filtering prior to discharging to waters in the state. Only that portion of the
total retention facility wastewater volume necessary to prevent overflow due
to catastrophic rainfall shall be land applied for filtering priot to discharging
to waters in the state. Any such discharges shall be documented.

f. Facilities including ponds, pipes, ditches, pumps, diversion and
irrigation equipment shall be maintained to ensure ability to fully function as
represented in the plan. Pipelines are inspected daily and the ditches,
drains, sump, storage facility, separator, meters, and berms are inspected
weekly.

g. Adequate equipment and/or land application area shall be available

for removal of wastewater as required to maintain the retention capacity of
- the facility.

3. Pond Solids Removal and Handling

a. Solids shall be removed when encroaching on the volume reserved
for the 25-year, 24-hour storm event and the 60 day storage volume. Atno
time shall emissions from cleaning activities create a nuisance.

b. Storage and land application of pond solids shall not cause a
discharge of poilutants to waters in the state, cause a water quality violation
in waters in the state or cause a nuisance condition. At all times, sufficient
volume shall maintained within the control facility to accommodate manure,
other solids, wastewaters and contaminated storm waters (rain water
runoff) from the concentrated animal feeding areas.

4. Manure Handling and Land Application

a. At all times, sufficient volume will be maintained within the control
facility to accommodate manure, other solids, wastewaters and
contaminated storm waters from the concentrated animal feeding areas.
b. Storage and/or surface disposal of manure in the 100-year flood
plain, near water courses or recharge zone/feature is prohibited unless
protected by adequate berms or other structures; berms or other structures
must be certified by a licensed professional engineer to be adequate and
properly constructed.
c. . When manure is stockpiled, it will be stored in a well-drained area
with no ponding of water, and the top and sides of stockpiles will be

. adequately sloped to ensure proper drainage. Stockpiles should be located
away from watercourses, above the 100-year flood plain, at least 150 feet
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downstream of wells. Runoff from manure storage pile must be retained
on-site.

d.  Manure will not be applied to land when the ground is frozen or
saturated, or during rainfali events. Do not apply to land within 150 ft. of
surface water or wells.

e. Manure will be applied to suitable land at appropriate times and
rates according to the nutrient management plan. Discharge (run-off) from
the application site is prohibited. Timing and rate of applications will be in
response to crop needs, assuming usual nutrient losses, and expected
precipitation and soil conditions. Use management (e.g. handling,
application method, tillage, irrigation regime, cropping pattern, grazing
pattern) and site factors (soil texture, slope, aspect) to modify manure
application rates.

f. No land application will cause or contribute to a violation of surface
water quality standards, contaminate ground water or create a nuisance
condition.

g. Earthen pens will be designed and maintained to ensure good
drainage and to prevent ponding. As the herd grows in number, pen
regrading will be done to insure that runoff flows toward the circle

(cropland).
5. Erosion
a. Should water or wind erosion become a problem, fields shalt be

protected with conservation practices within the standards of the NRCS.

The following methods will be used to control/prevent erosion of exposed
soils at the dairy site:

» Seeding of exposed areas. Circle corners should have a
cover crop of small grain or permanent grass planted.

» Reduced tillage (residue management) practices. See the
Residue Mgt Jobsheet. It has the required amount of
residue at seeding time of all crops in the rotation.

* Construction of terraces and berms. Runoff from the feeding
area must be contained on the dairy property.

» Covering erosive areas with road surfacing materials
Use of solid manure on exposed soil surfaces
Maintenance of existing vegetation in areas between
management units and off-site areas

6. Dust and Odor Control

a. Other resource concerns, such as fly control, odor, dust and other
soil, water, animal, plant, air or human, must also be addressed in the
CNMP as part of a Resource Management System. The NRCS Field
Office Technical Guide, Section IV, Conservation Practices
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(http:/Awww.nm_.usda.gov), provides conservation practices for addressing

ali of these concerns. Several practices follow to address odor and dust
concerns:

Scrape pens frequently to remove manure.

Use windbreaks to reduce dust and odor problems.
Communicate with neighbors to ensure they understand the
dairy operation and are not harboring complaints.

Review and Plan Modifications

Facility inspections must be conducted quarterly and annually by the facility
operator or other authorized personnel. Every 5 years, a Licensed Professional
Engineer must perform a facility inspection. Inspection checklists are provided in
the recordkeeping section of the CNMP. Reports must be maintained in the
CNMP for three years. Nutrient Management Plans must be reviewed at least
annually to update yield, soil test, and wastewater analysis information. If either
a facility inspection or review results in modifications to the CNMP, document the
date and the specific changes made to the plan in the table below.

Date

Modification




- ——H-Recordkeeping

If a producer is to safely manage and assess his/her CNMRP, it is critical he/she
maintain a record of activities and the functionality of the system. A
recordkeeping plan should be implemented that addresses key elements of the
CNMP to aid in the proper application and provide for assessment documentation.
Where the CNMP is part of a permitting or other regulatory program, it is the
responsibility of the producer to maintain any required documentation, including
plans and implementation records, and make them available to the regulatory
organization, if required.

Land application records — dates, methods, rates; observations on weather
conditions during and imnmediately following nutrient application; crops planted,
planting and harvesting dates, yields; nutrient application equipment calibration.

(If CNMP, use 590 Jobsheet Records; if not CNMP, use LADS report - NMED-
GWB) ,

Soil test results, by field

Manure and lagoon sampling results

Procedures for sampling and testing records - soil, manure, water, plants
Livestock information

Off-site use of manure (Jobsheet 633)

Available maps, sketches, and designs resulting from the planning process that
will be useful to the producer in implementing the plan

Environmental evaluations

Monitoring well resuits

Changes made in CNMP

Records of maintenance performed associated with operation and maintenance
plans



Schedule of Events

The following schedule of events is an exam
animal feeding operation,
Groundwater Permit. Th
an example and the producer is res
CNMP for an animal feeding o
the Groundwater and/or CAF
required to have. If an operation has both permits,

ple of typical recordkeeping to be kept by an
depending on whether they have a CNMP, CAFO Permit and/or
¢ specific permit may require additional recordkeeping. This is
ponsible for compliance with permit requirements, A
peration must include all recordkeeping requirements for
O permit, depending on which permits the operation is

the most frequent recordkeeping must

be carried out for the CNMP.
Schedule of Events
SCHEDULE FREQUENCY FORM REQUIRED
FOR
Precipitation As-Needed Precipitation Log CAFO Permit
Wastewater - As-Needed Nutrient Management | CAFO Permit,
Application Records Jobsheet/ Groundwater
LADS Permit, and
CNMP
Manure and As-Needed Nutrient Management | CAFO Permit,
Chemical Fertilizer Records Jobsheet/ Groundwater
Application LADS/ Permit, and
Nutrient Application CNMP
Equipment Calibration
Off-site Manure As-Needed Waste Utilization CAFO Permit,
Removal Jobsheet Groundwater
Permit, CNMP
Discharge Report As-Needed Discharge Report CAFO Permiit,
' Groundwater
Permit
Spills As-Needed Spills Log CNMP, CA¥O
Permit,
Groundwater
Permit
Log of Liner As-Needed Liner Maintenance CAFO Permit,
Disturbance Log Groundwater
Permit, CNMP
Pond Water Levels Weekly and As- Pond Water Levels CAFO Permit,
Needed Log CNMP
Structural Controls Quarterly, Weekly, Inspection Report CAFO Permit,
Inspection Daily — CAFO Permit | (Structural) Groundwater
Monthly - Permit, CNMP
Groundwater Permit

=




Soil Analysis

Yearly or more Soil Sampling Form CAFO Permit,
frequently if required | and Lab Report Groundwater
Permit, CNMP
Manure Analysis Yearly or more Manure Analysis Form | CAFO Permit
frequently if required | and Lab Report
Wastewater Analysis | Quarterly or as Wastewater Analysis | Groundwater
required Form and Lab Report | Permit
Nutrient Management | Annually Nutrient Management | CNMP,
Plan 590 Jobsheet Groundwater
Permit, CAFO
Permit
Preventative As Needed Preventative CNMP
Maintenance Maintenance Checklist
(Non-Structural)
Site Inspection Yearly Annual Inspection CAFO Permit
Form _
Status Review Yearly Annual Status Review | CNMP
_ Form
Employee Training Yearly Employee Training CAFO Permit
Log
Mortalities As-Needed Inventory Form for CAFO Permit,
Management Planned Practices NRCS
Environmental As-Needed ENV-1 Form or CNMP, CAFO
Evaluations equivalent Permit
¥Feed Management As-Needed Inventory Form for CNMP
Planned Practices
Soils, Geologic When completed Reports CNMP,
Documentation Groundwater
Permit
As-built When completed Submit copies to CNMP,
Documentation NMED-GWQB and Groundwater
NRCS/Keep on-site Permit
Operation and As-Needed Operation and CNMP
Maintenance Maintenance Section
of CNMP
Monitoring Well Quarterly or as Lab Reports Groundwater
Analyses required Permit




Precipitation Log

This log will be used to record all measurable precipitation events at the facility. A rain
gauge shall be maintained in good working condition at all times.

Date

Amount

Date

Amount

Date

Amount

Date

Amount




Nutrient Application Equipment Calibration:

Calibrate application equipment to ensure uniform distribution and accurate application rates.

Commercial Fertilizer Application Equipment Calibration:

The nitrogen applicator, the commercial broadcast spreaders, and corn planter will be set per the
manufacturers recommendations then filled with a known amount and checked over known
acreage. Adjustments will be made to achieve the planned rates.

Manure Spreader Calibration
There are several methods that can be used to calibrate the application rate of a manure spreader.
The two best methods are the load-area method and the plastic sheet method. It is desirable to

repeat the calibration procedure 2 to 3 times and average the results to establish a more accurate
calibration.

Before calibrating a manure spreader, the spreader settings such as splash plates should be
adjusted so that the spread is uniform. Most spreaders tend to deposit more manure near the
spreader than at the edge of the spread pattern, Overlapping can make the overall application
more uniform. Calibration of application rates when overlapping requires measuring the width of
two spreads and dividing by two to get the effective spread width.

Calibration should take place annually or whenever manure is being applied from a different
source or consistency.

Load-Area Method

The load-area method is the most accurate and can be used for most types of manure handling.
This method consists of determining the amount (volume or weight) of manure in a spreader and
the total area over which it is applied. The most accurate method to determine the amount of
manure in a spreader is to weigh the spreader when it is full of manure and again when it is
empty (portable pad scales work well for this). The difference is the quantity of manure applied
over the area covered. Spreader capacities listed by the manufacturers can be used to determine
the amount of manure in the spreader. However care must be taken when using manufactures
spreader capacities. Heaped loads, loading methods and manure type may vary considerably
from what is listed by manufacturers of box and side delivery manure spreaders. Spreader
capacities for liquid tankers are accurate provided the tanker is filled to the manufactures
recommended levels, and o foam is present in the tank.

The area of spread is determined from measuring the length and width of the spread pattern.
Measuring can be done with a measuring wheel, measuring tape or by pacing.

The application rate is calculated using the following formula:

Spreader capacity (tons or gallons) X 43560 sq. f/acre = Application Rate tons or Gallons/Acre
Distance traveled X Spreading width




Plastic Sheet Method

The plastic sheet method can only be used with solid or semi-solid manure. This method of
calibrating spreader application rates involves 1) cutting a plastic sheet to the specified
dimensions (56 inches X 56 inches), 2) weighing the clean plastic sheet, 3) laying out the plastic
sheet on the ground and driving the manure spreader (applying manure at a recorded speed and
spreader setting) over the sheet, 4) weighing the plastic sheet with the manure on it, and 4)
determine the net weight of the manure on the sheet (weight of manure and sheet - welght of the
clean sheet), and 5) the net pounds of manure equals tons per acre applied.

When calibrating manure spreaders, all details regarding tractor speed and manure spreader
settings and date(s) of each calibration should be recorded with manure application information,
and directly on the equipment. Mark equipment to ensure a known application rate is applied
each time the referenced tractor speed and spreader settings are used. Manure spreader settings
can include such things as: fast and slow settings on some box spreaders, gate position on side
delivery spreaders and splash plate position and fill levels on liquid tankers.

Irrigation System Calibration:

Place 3-5 buckets throughout the irrigation spray pattern and collect samples while operating the
pump at a given 1pm and pressure (for a traveling gun record the ground speed also). At the end
of the planned sample period measure the amount of liquid collected in inches (average the
samples). The following chart shows how many gallons per acre applied per inch applied.

Gallons applied per inch of liguid manure applied.

Inches Liquid Manure Apphed via Irrigation Gallons per Acre
20 5,430

.30 8,146

40 10,860

.50 13,577

75 ) 20,365

1.0 27,154

1.25 33,942

L5 40,731

Soft Hose Injection System with Irrigation Hose:
Alternative 1. Use a flow meter mounted on the injector system and calculate the distance and

width to determine amount applied over a measured area. Example the flow meter measures
1000 gallons over a distance of 600 feet and 10 feet wide.

Formula:

Gallons Applied (1000 gal) X 43560 sq. fi/acre = Application Rate (7260

gallons/acre)
Distance traveled (600 ft) X Application width (10 ft)

Alternative 2. (Requires a 10-20 galion graduated measuring container)

Step 1} In the field, measure the flow out of one injector for 5 seconds into the graduated
measuring container and record gallons, repeat three (3) times and average the results. Step 2)
Multiply the average amount collected from one injector by the number of injectors (equals
amount applied for the whole system for 3 seconds). Step 3) Multiply the results of Step 2 times,




12 to get gallons per minute. Step 4) Place the injector in the soil at the planned depth and
operating speed and record the distance traveled in 1 minute (average 3 different measurements).
Step 5) Determine the effective application width {(number of injectors X injector spacing in
feet). Step 6) Multiply the effective width times the distance traveled in 1 minute (thls gives the
square feet covered in 1 minute). Step 7) Divide the result of Step 6 by 43,560 (this gives the
acres covered in 1 minute). Step 8) Divide the results of Step 3 (gallons per minute) by the
results of Step 7 (acres covered in 1 minute) - (this gives the gallons applied per acre. Example:

Step 1) Collected an average of 6 gallons from one injector for 5 seconds.

Step 2) Applicator has 8 injectors (8 injectors X 6 gallons per injector = 48 gallons for 5 seconds)
Step 3) 48 gallons in 5 seconds X 12 = 576 gallons/minute applied

Step 4) Average distance covered in 1 minute was 250 feet,

Step 5) Average width of the applicator is 12 feet.

Step 6) 12 feet wide X 250 feet long = 3000 square feet

Step 7) 3000 square feet divided by 43,560 square feet/acre = .0688 acres covered in 1 minute
Step 8) 576 gallons/minute divided by .0688 acres/minute = 8,372 gallons/acre.

Field | Type of Calibration | Name of Calibration | Comments/Changes
No. Equipment - | Date Person Data and Made

Calibrating Units




Discharge Report

The animal feeding operation will document the following information to these
records and shall contact the NMED immediately:

Cause of discharge:

Flow path description to the body of water discharged into:

Volume and flow estimates of discharge:

Discharge Starting date: : Time:

Discharge Ending date: Time:

Steps being taken to reduce, eliminate, and prevent future discharge:

Were samples taken? Yes No
If yes, where were the samples sent?

Attach chain of custody report and analysis

If the discharge is caused by precipitation, fill out the following:

Date Time Started Time Ending Rainfall
Measurement
Was NMED notified of the discharge? Yes Ne

Date written notification was sent to NMED:

o



Spills

List any significant spills of pollutants at the facility since date of operation:

Date

1tem Spilled

Quantity Spilled

Clean-up
Completed




Liner Maintenance

Where a liner is installed to prevent hydrologic connection, the operator must
maintain the liner to inhibit infiltration of wastewaters to the underlying soils and
groundwater. Liners shall be protected from animals by fences or other protective
devices. No trees shall be allowed to grow within the potential distance of the root
zone. Documentation of liner maintenance shall be kept in the CNMP.

Description of Disturbance:

Action Taken:

Inspector: Date:

Description of Disturbance:

Action Taken:

Inspector: Date:

+ Ifinspection confirms that the liner has mechanical or structural damage,
the operator shall have a Professional Engineer evaluate the liner.



Pond Water Levels

The water level of ponds shall be measured weekly and documented in these
records. The water level of each pond should also be documented when a
precipitation event occurs or when pumping wastewater to the application area.

Date Water Inspector Date Water Inspector
Level Level

Note: Routine operation volume must be maintained at level.

Pond Type:

0 Effluent Only
0 Storm water Only
o Effluent and Storm water



Structural Controls Inspection

The form shall be filled cut with the indicated frequency for your permit. A checklist is
provided to allow the user to answer questions about the condition of each cell of the pond
and to document preventative maintenance activities as necessary.

Date: Description (Name or Location):
Yes No N/A

Embankment of manure or wastewater impoundment
free of visible seepage

Embankment of manure or wastewater impoundment
showing no signs of cracking

Vegetation maintained on embankment following plan

Riprap or erosion controls in place (if required)

Erosion of exterior slope

Erosion of interior slope

Irrigation system functional

Livestock entry prohibited (fenced)

Minimum freeboard (2%)

Trees excluded within root zone distance

Liquid level measuring device in place and functional

Rain gauge in place and functional

Irrigation system functional

Storm water diversion devices free of seepage, cracking

Runoff diversion structures free of seepage, cracking

Devices that channel storm water to an impoundment
free of seepage, cracking

Water lines functional (including drinking or cooling water)

Other

Comments:
Signature: Title:




PREVENTATIVE MAINTENANCE CHECKLIST (NON-

STRUCTURAL)

Maintenance Description

Maintenance
Date/Comments

Motors/Engines of Dewatering
Equipment

Yes

No

N/A

Check oil level

.. Change oil/lubricate bearings

Electrical control panel enclosed
and free from trash

All components are free of
rodent nests

Operational

Valves

No

N/A

Operational

Flow Line

Yes

No

N/A

Operational

Drain before freezing temperatures

Back Flow Prevention Device

Yes

No

N/A

Operational

Center Pivot Sprinklers

Yes

N/A

Check oil in wheel searboxes

Change oil in wheel gearboxes

Grease/pack gearbox bearings

Properly secure system for winter

Properly drain system for winter

Leaky joints and worn nozzles

Operational

Manure Application Equipment

Yes

No

N/A

Operational

Signature

Date




Soil Sampling

A soil sample will be collected and analyzed annually or as required from the
application fields. Refer to this section for sampling and testing procedures.
Make copy of blank log prior to use.

Date Sampled Lab Field Sample Depth Sampler

Place Iab analysis and map showing fields and sampling location within fields
behind this page.



Manure Analysis

A manure sample will be collected and analyzed annually or as required. Refer to
this section for sampling and testing procedures. Make copy of blank log prior to
use‘

Date Sampled Lab Sample Location Sampler

Place lab analysis behind this page.



Wastewater Analysis

A wastewater sample will be collected and analyzed quarterly or as required.
Results from the soil, manure and wastewater samples will be used to determine the
application rate of wastewater on the wastewater application areas. Refer to this
section for sampling and testing procedures. Make copy of blank log prior to use.

Date Sampled

Lab

Sample Location

Sampler

Place lab analysis behind this page.




Annual Inspection

A complete inspection of the facility shail be done and a report documenting the
findings of the inspection made at least once per year. The inspection shall be
conducted by anthorized persons, to verify that the description of potential pollutant
sources is accurate; the site plan has been updated or otherwise modified to reflect
current conditions; and the controls outlined in the plan to reduce pollutants and
avoid nuisance conditions are being implemented and are adequate. Records
documenting significant observations made during the site inspection shall be

retained as part of the CAFO Permit Nutrient Management Plan for a period of
three years.

Year ANNUAL INSPECTION CHECKLIST

Documentation has been inspected:

Inspection Description Yes | No | N/A| Comments

Facility Maps

Potential pollutant sources

Spills of potential pollutant sources

| Retention facility inspection reports

Weekly measurement of retention facility
level

Log of rainfall reports

Log of liner maintenance reports

Wastewater application rate calculations

Manure and pond solids application rate
calculation

Manure removal documentation

Preventive maintenance log

Employee training documentation

Discharge report forms

Visual inspection forms

Site inspection forms




ANNUAL INSPECTION CHECKLIST (continued)

The following equipment and facility areas have been visually inspected:

Inspection Description

Yes

No

N/A

Comments

Potential pollutant sources are properly
stored

All significant spills of potential pollutant
materials have been properly cleaned up

Structural controls (dams, dikes, terraces)

Non-structural controls (irrigation system,
mechanical separator)

Permanent marker in wastewater retention
facility

Rain gauge

Manure application areas meet
requirements

Wastewater application areas meet
requirements

Employees are properly trained

Discharge sampling equipment is available

The description of potential pollutant
sources is accurate

Drainage map reflects current conditions

Controls outlined to reduce pollutants are
being implemented and are accurate

Signature

Date




Employee Training

Employee training is conducted, check the appropriate category(ies). Some
employees may not need any training and some employee may not need training in
all of these categories, based on employee job responsibilities. Check all that apply.

Year
Date | Employee Land Proper Good Record Spill
Application | Operation | Housekeeping Keeping Response
of Wastes and & Potential | Requirements and
Maintenance | Pollutant Clean .
of Control Material Up
Facilities Handling




CNMP Annual Plan Review

1. Have any changes been made in the number of livestock (more or less) that will affect the
amount of manure and nutrients produced?

2. Is the manure/effluent storage sufficient to manage manure/effluent for land application?

3. Is water/runoff adequately controlled around the facilities to control runoff and keep excess
water off feedlots and out of the manure?

4. Are records being kept of livestock numbers, average sizes, amount of manure produced,
amount of manure applied on land, and/or the amount of manure transported off site, rainfall,
and irrigation applied?

5. Has the manure been analyzed for nutrient content from each type of storage this year?

6. Are soil tests current (1 year old or less)?

7. Have fields been redefined or improved that may effect yield goals and nutrient applications?

8. Are the rotations and crops maintained as planned or do they need to be modified?

9. Have any changes occurred on neighboring properties that may require a change in the plan?

10. Is the present or planned method(s) of application appropriate or are changes needed?

11. Are records of fertilizer and manure applications maintained for each field and nutrients
balanced per the plan and crop needs?

12. Has manure and fertilizer application equipment been calibrated?

13. Are Operation and Maintenance actions being carried out?

14. Are practice jobsheet actions being implemented?

Name of Operation Reviewed: Reviewed by:

Date Review Completed:
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CHAPTER 16. MONLTORING AND SAMPLING

1. GENERAL

leionitoring and sampling have been practiced for centuries, Early
forms of monitoring probably were frequent observations of crops for
success or failure, In their travels, the pioneers of this country
sampled the s0il and the surrounding wildlife and vegetation to deter-
mine vhether an area was habitable. This checking of segments of the
enviromment was a form of monitoring.

Today, various facets of the enviromment are being monitored to
meet a particular need. These monitoring systems are concerned with
basic resources, population, economy, health, and the like. They are
coumplex systems and use an enormous amount of public fumds, but they
are essential to the well-being of the Natiom.

This chapter discusses an approach to sampling and monitox:ing for
two different purposes and is divided accordingly. The first part dis~~

cusses sampling aud monitoring of streams for evaluating surface water

quality. The second part discusses monitoring and sampling of various
- animal waste treatment and disposal systems,

2. MOXITORING AND SAMPLING TO DETERMINE SURFACE WATER QUALITY

Previous chapters of this manual define water-quality requirements
for various uses of surface water and discuss sources of pollution and
nmethods of waste treatment and disposal. This chapter discusses various
methode of monitoring the water quality of streams and lakes. It pro-

. vides guidance in collecting and analyzing water—quality data. Analyt-
ical results of water-quality surveys are helpful in describing some’
aspects of water quality, but such surveys do not provide a complete
description of a water resource.

For evaluating water quality, monitoring and sampling are defined
as follows:

1. Sampling is the physical act of collecting a volume of water
for the sole purpose of analysis or analyses for various water-
- ,quality parameters.
2. Monitoring is frequent or routine systematic collection of
- samples over a period of time and analyzing them for an under-
standing of the variances in the water-quality parameters for

a body of water. Monitoring as used in this section is not a
"~ continuous, unending process.

Analysis of a sample of water shows the water quality at a defi-
nite time at one sample collection station. To understand the fluctu-

ation and variantes expected in a body of water, a series of samples
under varying circumstances is necessary.
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HONITORING
e e

'Before an effective monitoring system can be inftiated the follow—
ing questions should be answered:
1.

What is the wonitoring objective?
2,

What are the eritical water—quality paremeters for this moni-
toring objective?

What 15 the availability of water-quality data that relate to
the project under investigation?

4. What visible factors in the drainage area influence water
quality? -
5.

In vhat type of streams 4s the sampling to be conducted—
ephemeral, intermittent, peremnial?

What is the necessary frequency and duration of sampling? )
1. What 1s the non:lt:orin_kgo‘bjective't

3.

6.

The objective of a monitoring system should be the first deter-
nination,

The proposed use of the water determines vhich vater-quality
- parameters are the most important to monitor. '
Honitoring water quality in the past has been mostly for multi-

PUrpose regervoirs that store water for comtact -sports or public raw-
‘water supply,

or both. Comments in response to environmental impact
Statements now suggest that water-quality analyses should also be con~
ducted on projects related to altering or regulating waterflow. Re-
. viewers of

impact statements are concerned about the changes in a
stream's water qualit

Y» €.8., in temperature, dissolved oxygenm, re-
aeration rate, suspended solids, turbidity, and the 1like, that ®ay oc-
cur after a watershed project is completed. The purpose of water-qual-
. ity monitoring therefore governs

many of the decisions that should be
uade before establishing & monitoring systen. :
2

- What are the critical water-quality parameters for this
monitoring objective?

a. Recreation use - water contact sports

The crucial water-quality parameter for water contact sports usu-
ally is the fecal coliform bicteria cowmt.

Because a participant can
Ingest water during swiming or water skiing, the allowable bacteria
count in lakes and streams used for contact sports usually is limited 7
to 200 fecal coliform/100 ml as a maximm monthly geometric mean, No
wre than 10 percent of the g

amples ghall exceed 400 fecal coliform/
100 ml, Pecal streptococci are also fr

equently analyzed to determine }
the source of fecal material,

The chemical and physical quality of water may be a eritical fac-
tor -in the use of water for sports in certain regions of the country.
‘While local water-quality experts may be able to estimate chemical and
physical qualities of water, encugh analyses should be made to verify
these estimates. -
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b. Public raw-water supply

As in water for recreation, the bacterial limit is a crucial pa—
rameter for a public raw-water supply. But raw water for public use is

- usually allowed a higher concentration of fecal coliform bacteria than
recreation water since all surface water has some treatment and disin-.

" fection before it is distributed to consumers. The source of the fecal
coliforn bacteria is important in determining the suitability of a wa-
ter supply for public use, .

The chemical and physical analyses of water for public use are as
critical as the bacterfal analysis. The list of allowable concentra-
tions of various conmstituents is lemgthy, but the water should be an-
alyzed for each constituent if there is any question about existing

concentration. The analysis is mecessary to prepare designs and esti-
mate costs for water treatment

plants and to determine possible haz-
ards to consumers' health. .

c. Agricultural water use

The parameters for monitoring and sampling water for agriculture
depends on the intended use of the water, For example, if the water is
for irrigation, it should be analyzed for constituents that influence
-crop yields. If the water is for animal consumption, it should be an-
alyzed for conmstituents that affect animal health. T

d. Watershed projects

Small watershed projects present complicated circumstances in . .
water-quality analysis, particularly in projecting any changes in the
wvater quality of perennial streams. Water quality should be described
in the present environmental conditions. Forecasting changes in water
quality after project installation requires experience and judgment.
For example, a watershed project may be planned for floodwater-retard-

ing structures and alterations of the stream's configuration. Response
to the environmental impact statement miy be:

(1) For floodwater-retarding structures on pereunial streams:
(a) Will the impounded water change the base flow or the low
flow 7Q10 of the stream? (7Qjg is the symbol for the min-
i{mm unregulated streamflow that occurs for 7 consecutive.
days on a 10-year frequency.) ’
(b) Will discharges from the impounded surface water elevate
the stream’s temperature? If so, how much? .

(c) If a submerged low-flow orifice is used to maintain the
strean's temperature, at which depth should it be located
and what will be the dissolved-oxygen level of the dis-
charge? (If the orifice is near the bottom of a deep lake,

the dissolved-oxygen level may be depressed and the plant-—
nutrient level may be high.)
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(2) For channel improvement on perennial streams:
(a) what chan

(b

ge will occur in the stream's reaeration rate?

) Will the modifications speed up the transfer of pollutants
in the channel system and increase the waste load down-
stream? :

(¢) How wuch temperature change can be expected if the
stream's banks are cleared for construction?

(d) Will the stream's water quality be reduced below the
water—quality standards for fish and wildlife?

A review of these comments makes it obvious ‘that projections of
stream quality are needed but difficult to develop., Some states make
descriptive statements about water quality based on data for present
conditfons but without specific figures on possible changes in water
quality after the watershed project is installed. Descriptions of water
quality should include data on dissolved oxygen, pH, suspended solids,
temperature, turbidity, 1Q10»

nitrogen, and phosphorus. Other param-
eters may be necessary, depending on conditions in the watershed.

3. What 15 the availability of water-quality data thit relate to
the project under investigation? - .

Although water—quality data are practically nonexistent for many

§treams, there are useful data on some selécted streams. It is advis-
able to contact any

agency thit may have such information before begin-
ning a water—quality study..

. Almost every state has begun to study water quality by river ba-
eing within the state and to relate thig information to discharges of
treated and untreated waste water. These studies are required by EPA
and are coordinated by the state water pollution control agency., If
the needed vater-quality data are not available, the regulatory agency
wmay conduct the monitoring program or assist in analyzing the data.
The regulatory agency may also assist SCS through consultation and re-
view of water—quality data.

The U.S. Geological Survey (USGS) has a limited program for ama-
1yzing various water—quality parameters in some states. Most of the
analyses are for major streams, but some USGS offices conduct exténsive
wanitoring programs on a reimbursable basis with other agencies. USGS
is also best qualified to provide data on 7Q10 flow rates. -
Other sources, such as universities, river basin districts, Coxps
of Engineers, military installations, etc., may have some water-quality
data, ’ )

4. What visible factors in the drainage area influence vater
quality?

A thorou
is probably
Knowled
guidanc
alyze,

gh field reconnaissance of the contributing drainage area
the most important step in developing a monitoring system.
ge of the physical characteristics of a drainage area provides

e in determining sample points, wvater-quality parameters to an-
major sources and types of pollution, stream conditions, and
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the like. The quality of water in a stream or lake depends on the chem-
ical, biological, and physical features of the drainage area.

Noting the features of a drainage area on a map helps in locating
_ the most advantageous sampling points of a stream. Sampling points

should be located both upstream and downstream from possible waste

sources to identify the source's inp

ut, Figure 16-1 shows sampling
point locations for a segment of a stream. :

5. In what type of stream is the sampling to be conducted-—ephem-
eral, intermittent, or perennial?

‘To monitor a stream properly, several samples should be collected
from both base flow and flow resulting from surface rumoff. Since In-

dian Creek is a perennial stream, base flow samples can be collected,

but thexe is no base flow in Frog Branch except that from the potential
waste source (subdivision). Therefore, sampling stations 1 and & will

yield data for a base~flow analysis. During runoff events all stations
should be sampled and flows measured to get an-idea of possible waste

loads from the potentfial waste source., This is illustrated further at
the ‘end of this section,

6. What s the necessary frequency and duration of sampling?

The frequency and duration of sampling depends on the size and
complexity of the drainage area, climatic conditions, streamflow

i’ereania_l Strean

Indian Creek
. A Sample Points

Frog Branch

¥2 _
-
\ ’O—(Ephemeral Stream

4 Subdivision

Figure 16-1.--Sampling stations on a stream segment.
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characteristics, and the objective of the monitoring program. This is a
judgment factor. Enough samples must be collected to estimate existing
water quality for both base flow and flow resulting from runoff-events.
It may be possible to make such estimates with as few as four or five
series of samples over a period of 1 or 2 months, or as many as 20 or
more series of samples over a period of a year or longer may be needed.
If the drainage area i small and covered with forest, four or five

samples may be enough. If the drainage area is large with a wide vari-
ance in land use, a more ext

ensive sampling and monitoring program is
necessary, . .

METHOD OF COLLECTING SAMPLES

The results of any investigation that requires sampling are only
as good as the method of sampling and analysis, If either the sampling
Ox analysis is not done properly, the final report will be inaccurate
ard misleading. The samples collected should represent the actual field
conditions. They should not be contaminated through mishandling,

A 1/2-gal plastic container, thoroughly clean, is usually satis-
factory for collecting water for chemical and physical analyses. Most -
laboratories furnish containers that have béen cleaned with a weak acid
solution and thoroughly rinsed with demineralized water. The sample
should be taken near the center of a stream or at least in the main

-flow. Some collectors use a rigid, light rod approximately 3 to 10 feet
long for collecting samples. The container can be fastened to the rod,
and the collector can extend his reach without extensive wading. For
sampling lakes, a boat is probably necessary. .

Water for bacterial analysis should be collected in a sterilized
glass bottle (approximately 100 ml or larger) from a laboratory. Most

" laboratories have bottles especially for such samples. The collector
‘mist be extremely careful not to contaminate the inside of the bottle.
"It is best not to remove the cap of the bottle until just before the

sample is collected. The mouth 6r opening of the bottle should not be
touched when the cap is removed. The same care mist be exercised when

collecting the sample, The bottle should be submerged in the water and
noved upstream in one motion to avoid floating particles and to prevent
vashing contamination from the hands into the bottle. As soon as the

sample is collected, the cap chould be replaced and tightened firmly.
Samples should be protect

ed by using recommended packaging and trans-
portation procedures, .

A tag should be attached to all sample bottles giving the station
location and time of collection. Other vital information such as stream

temperature, pH, and dissolved oxygen can be recorded in a log book or
on the tag attached to the bottle. For accurate comparison of water
quality from one sample point to amother, the stream's discharge rate
at each sample point should be measured. Available rainfall data should

be recorded for determining the relationship of runoff to possible
fluctuations in the various parameters.
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ANALYZING THE WATER QUALITY DATA

The quality of water is not accurately described by measurements
of a series of parameters. The complications and interactions of the
parameters must also be considered. Persons without necessary experi-
ence or training should seek qualified assistance. Such assistance
will help in getting a better understanding of water quality under nor=-
m2l conditions and the fluctuations in water quality umder varying com-
ditions,

This section does not attempt to discuss all-the various aspects

of interpreting water-quality data. Each region, state, or watershed
~ has characteristics peculiar to the area. Only a brief summary of the
parameters is given. It must be remembered that an onsite survey of the .
drainage area is necessary to get an accuraté picture of water quality.

Dissolved Oxygen (DO)

The dissolved-oxygen content of pure water varies with the tem-
pexature of the water. The curve in figure 16-2 portrays the dissolved-
oxygen saturation point in pure water at different temperatures at mean .
sea level (msl). Unpolluted surface water may have near—saturation val-

ues for the corresponding temperature and elevation. The dissolved-oxy-
gen level can be depressed by:

1. Introduction of biodegradable wastes that increase the
activity of aerobic bacteria, ' -

2. Aquatic plant growth resulting from an increase in available
nutrients such as carbon, nitrogen, and phosphorus (algae may
raise the dissolved-oxygen level above the saturation point
during favorable light intensity but depress it during the
night, and )

3. Injection of organic or inorganic compounds that require oxygen
to complete their chemical reaction.

Turbidicy

Turbidity is a meagurement of the interference to light penetra-=
tion in water caused by suspended matter that ranges in size from col-
loidal and fine materials to coarse grains, depending on the degree of
turbulence. Turbidity in relatively quiescent lakes and streams is du_e
wostly to colloidal particles, suspended clay, and silt. Turbidity in
a body of water may be caused by substances that range from nearly all
inorganic to nearly all organic. Turbidity is coumonly expressed in
- Jackson turbidity units (JTU).

Turbidity affects the amount and depth of sunlight penetration
into water, cost of water filtration for domestic consumption, effec-
tiveness of disinfectant, and general appearance of the body of water,
The amount of turbidity is usually related to the amount of soil eroded.
and its clay content, the amount of sewage solids, and various inorganic
and organic substances that enter the water from the drainage area.

Turbidity can also be gemerated within the stream by degradation of the
channel,
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Saturation Velues of Dissolved Osypen ot 760 mm of Mercury

5o
140
13.0 1
12.0 4
110 1

Dissolved Onygen Concentration (mg/1),

9.9 1

50 4

78

T I!I.ll
B 12 H K- 1 ® n M

% »n %
Figure 16-2,—Dissolved oxygen saturatfon in water vs. water tempe.raf:ure.

Cofl_.or

Surface waters are often colored, especially those draining from
Swampy areas, The coloring is a result of contact of the water with or-
ganic debris such as leaves, wood, and the like in various stages of

decomposition. The color comes from a Variety of vegetable extracts.
I_he principal color sources ar

e tannins, humic acid, and humates from
the decomposition of lignin. Also, color may be caused by industrial
discharge such as that from dyeing or pulping. Color caused by sus-
pended matter such as red clay particles is called apparent color. It
is differentiated from color due to colloidal vegetable or organic ex-
- tracts, which is called true color. )

Apparent color is usually determined directly from the gample. To
measure true color, a sample is usually contrifuged to separaté any
. Buspended.solids and the measurements are made on the clarified liquor.
Heasuring the color of a stream can give an idea of the origin of
the water and its esthetic acceptability for human consumption and con-
tact sports. If .the color units are high, a thorough onsite field in-
vestigation should be conducted to ideatify the source,

The color in water from swampy areas is not harmful or toxie, but
the water is generally not acceptable to the public as a source of
drinking water without extensive treatment. Water intended for human
consumption should not have a color- measurement exceeding 20 platinum-
cobalt standard units. For detailed information concerning units of
color measurement and procedures for determination, contact someone

y
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with experience or training in this field. The natural color of water
can usually be removed by coagulation with a salt having a trivalemt
metallic iom.

pH

The pH of water is a measure of its hydrogen ion concentration and
expresses its acidity or alkalinity., The pH value is an important fac-

tor in practically all phases of sanitary engineering and biology
(aquatic and microscopic). On a pH scale of 0 to 14, a pH of 7.0 (neu-
tral) is best for water treatment, body contact sports, wildlife,

aquatic life, ete, Values below 7.0 indicate acid solutions; values
above 7.0 indicate alkaline solutions.

1. Acidity

The pH and the carbon dioxide (CO,) content of water should be
weasured in the field, since some of the C0, escapes to the atmosphere
enroute to-a laboratory for testing. Carbon dioxide depresses the pH
but not lower than 4.5. A pH lower than 4.5 indicates the presence of
a strong mineral acid in natural wvater or that an industrial waste is
influencing the acidity. A stream that has numerous springs may have
a high CO, concentration and subsequently a low pH. If a significant
amount of organic matter is present in watexr, the pH may be influenced

by the COy produced as an end product of decomposition of the organic
matter by bacteria.

2. Alkalinity

The .alkalinity of natural vaters is due primarily to bicarbonates.
from the action of CO, on basic minerals in the soil. If algae flourish

in surface waters, carbonate and hydroxide alkalinity may occur and the
pH may be as high as 9 to 10. Industrial discharges may also influence
the alkalinity, .-

Biochemical Oxygen Demand (BOD)

The BOD parameter is used primarily to measure the organic strength
of waste watex, not to describe stream characteristics. Normally, a BOD

determination 18 necessary only when an oxygen-consuming waste discharge
is influencing the stream. The BOD of a natural stream is usually so- low
that a test is not accurate nor the results significant.

Nitrogen (N)

The primary importance of nitrogen in monitoring surface waters 1s
that (1) the form of nitrogen tells how recently a stream has been pol-
luted, (2) the amount of nitrate can be related to a possible health

problem, and (3) the nitrogen concentration may indicate the possibility
of nuisance algal bloems. )
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In streams freshly polluted by untreated sewage nitrogen is in the
form of organic (protein) N and ammonia. In time the organic K is con-

verted to ammonia N, and later, if aetrobic conditions exist, ammonia is
oxidized to nitrites and then to mitrates. Thus the form of mitrogen in
a stream indicates how recently the stream was polluted.

Various technical sources suggest genmeral values for appraising

the free ammonia content in surface waters. These values are: low con~
centration, 0.015 to 0.03 mg/l; wmoderate, 0.03 to 0,10 mg/1; and high,
0.10 mg/1 or greater. One exception is the presence of ammonium sulfate
of mineral origin, Nitrites, the first product of the oxidation of free
ammonia, are practically nonexistent in unpolluted streams; therefore,
their presence indicates pollution, Nitrates,the final product of the
biochemical oxidation of ammonia, may be in streams in varying amounts
and may indicate earlier pollution that has been removed through oxida-
tion by the stream's self-purification ability. Nitrates may also be
contributed by the organic material in eroded soils or by other nitro-
genous sources such as commercial fertilizers. Drinking waters with a
high nitrate content often cause methemoglobinemia in infants (blue

babies), which is due to a lack-of oxygen in the blood (see glossary
and ch. 3). The maximum 1limit for mnitrates in drinking water is 10 mg/ 1
as N or 45 mg/l as WO,. T :

Excessive plant nutrients in streams and lakes can create a nui-
sance aquatic plant growth such as algal bloom. A flourishing growth
depends on an adequate supply of all the necessary elements, ind nitro-
gen is only one of them. If the nitrogen source is related to organic

waste, the other essential elements are usually available.
Phosphorus (P)

Phosphorus his been blamed for the abundant growth of aquatic veg-
etation, but phosphorus, like nitrogen, is not solely responsible.
Phosphorus has béen selected by some regulatory agencies as the one
element from the group of elements essential to plants that can be con-
trolled. The suggested limit for phosphorus in lakes is mnear 0.0l mg/l,
but this limit depends on the availability of the other essential ele-
ments.

Uncontaminated streams may contain 0.01 to 0.03 mg/l total P in
solution, although higher concentrations are found in streams that drain
soils rich in phosphorus. Rainfall also may have a P concentration of
0.01 to 0.01% mg/l. Domestic sewage is relatively rich in phosphorus
compounds. Before the development of synthetic detergents, inorganic
phosphorus in domestic sewage usually ranged from 2 to 3 mg/l and
organic forms from 0.5 to 1.0 mg/l. It is estimated that sewage now
probably contains 3 to % mg/l inorganic phosphorus because of the
polyphosphates in detergents. . ) :

The amount of available phosphorus im solution depends on the type
and amount of sediment in the stream, Sediment with an affinity for
phosphorus can remove almost all the phosphorus from solution.

Bacteria

A bacteriological study often provides the best information on the
degree of pollution and the hazard to human health in a stream or. lake.
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But a routine analysis of water samples for all pathogenic bacteria is
impossible. Therefore, indicator organisms are used to indicate fecal

contanination. These are the fecal waste indicator organisms—total
coliform, fecal coliform, and fecal streptococei.

1. Total coliform

Until recently the test for total coliformiwas used extensively
for indicating the presence of fecal contamination, The test measures
the concentration of total coliform bacteria in a volume of water and
reports the results in number of coliform/per 100 ml, As the name in-
dicates, the test measures all species of the coliform group aud is
not linited to the coliform species originating in the intestines of
warm-blooded animals. Some coliform bacteria come from soil. Therefore,
in stream analysis the results of this test are not alwvays fndicative
of fecal contamination. The test can be applied to ground-water sup-
plies because none of the coliform group is present in ground water
unless it is contaminated,

| Total coliform -analysies is still conducted by many laboratories
a8 a routine bacterial analysis. If the field recommaissance and the
watér—-quality surveys are thorough, a total coliform test cin provide

some indication of the degree of fecal contamination if the results
are correlated with past water-quality studies.

2. Fecal coliform

The fecal coliform component of the coliform group can now be -
isolated by routine laboratory analysis. These organisms are rela- -
- tively infrequent unless there is fecal pollution. The fecal coliform
group survive a shorter time im natural waters than the coliform group

as a vhole; therefore, the presence of fecal coliform indicates rela-
tively recent pollutiocn. Also, the fecal coliforms do mot mtltiply
outside the intestines of warm-blooded animals,

There is no established correlation between the fecal coliform
count and the total coliform count for evaluating the sanitary qual-
ity of water. In domestic sewage the fecal coliform density is usually
more than 90 percent of the total coliform density, but in natural
streams xelatively free from recent pollution, the fecal coliform den—
sity may range from 10 to 30 percent of the total coliform density.

Most of the bacterial standaxrds for streams are related to the
allowable concentration of fecal coliform. For water contact sports,
most states have a limit of 200 fecal coliform/100 ml as a wmaximum
monthly geometric mean, and no more than 10 percent of the samples can
exceed 400 fecal coliform/100 ml., These standards are based on fre-
quent water sampling during a 30-day period. ’

Almost all natural waters have a fecal coliform concentration
since all warm-blooded wildlife contribute. A thorough survey of the

waste sources is mecessary for interpreting the fecal coliform concen—
tration. This 1s illustrated in the example given later.
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3. Fecal streptococei

Fecal streptococci are streptococei commonly found in significant
vumbers in the feces of human or other warm-blooded animals. Since
there are more data on fecal coliforms than on fecal streptococei and
the analysis is fairly simple, the fecal coliform count is commonly

used for continuous monitoring of water quality. The fecal streptococel
count is used in conjunction with the fecal coliform count in sanitary
surveys to get an indication of fecal sources.

Some of the merits of using fecal streptococei as indicators are
that (1) they do not multiply in surface water, (2) they do not exist
in pure water or virgin soil, and (3)- they are not considered pathogenic,

Some limitations as indicators are that (1). their survival time
versus that of pathogens is not known, (2) when waste is applied to
soil, they disappear rapidly while coliforms survive for a long time,
depending on the soil conditions, and (3) they grow under diverse com-
ditions in nature, e.g., in food products or silage. ,

Using fecal streptococci as indicators of the sources of pollution
is based on the ratio of feécal coliforms to fecal streptococel (FC/FS
ratio) for bacteria excreted, as shown in table 16-1. Note that the -
FC/FS ratio for man is greater than 4.0 but that the FC/FS ratio for
lower animals is less than 0.7. This ratio applied to field data may
indicate vhether the waste source is man or animal, The range from 0.7
to 4.0 is considered the “gray area," ap indication of mixed waste
sources: Some authorities consider the gray area to be from 1.0 to 3.0.

Interpretation of the FC/FS ratio requires extreme care., Hany in-
vestigators apply this ratio only during the first 24 hours of flow in
the stream from the waste source. The die-off rate of fecal coliforms
and that of fecal streptococci differ; the fecal streptococci usually
have a more rapid die-off rate, Also, if the bacterial population is
low (less than 1,000 FC/100 ml), the ratio should be used with cautiom.

. If the pH is lower than 4.0 or higher than 9.0, the ratio should not be
used. ' ’

Table 16-1.-—Average density of indfcators excreted in 24 hours

Animal  Fecal coliforms Fecal streptococei FC/¥ES
ratio
Hillion/100 ml Million/100 ml
lhn LA RN N EYN] 13.0- 3-0 !‘.4
mck [ RN EEE R 3300 ) 54.0 0‘6
Sheep LR X N NN ] 1600 38.0 0.4
Chicken .... 1.3 3.4 0.4
"COW vrevnens .23 ) 1.3 0.2
Turkey ..... .29 2.8 0.1
Pig vevrenns 3.3 84.0 0.04
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3. EXAMPLE OF MONITORING AND SAMPLING

-The PL~566 waterched shown of figure 16-3 is used to illustrate
some of the principles that have been discussed. The following informa-

tion was gathered in a field reconnaissance by the watershed planning
party. _ .

Drainage.area: 10,000 acres
Average annual rainfall: 55 inches
Average annual runoff: 16 to 18 inches
Lake proposed for recreation:

Surface area: 600 acres

Permanent storage: 4,800 acre-feet
Present land use in drainage area:
Woodland: 75 percent
Pasture: 10 percent
. Row crops: 5 percent

- . ll_dlk;\mlfﬂhv‘
. [l 11 \( » \//
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Figure 16~3.--Example of a watershed
studied- for water quality.
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Idle: 5 percent
Miscellaneous: 5 percent

Poultry farm (broilers): one (capacity for 60,000 birds)

Feedlot: one (500 head cattle for winter feeding, November to
March) :

Homes in area: 150--25, modern construction; 80, 5 to 15 years

old; 45, older than 15 years (information from field obser-
vation and field office data)

Since the plans include construction of a lake for recreatiom, the
primary emphasis normally would be on a bacteriological study of the
drainage area unless the water-quality records for the general area in-
dicate that other physical and chemical factors may affect desirability
for recreation. Samples should be collected at two or three. stations to
verify the chemfical and physical water—quality characteristics, If the
analyses of the first series of samples indicate a meed for additionmal
samples, these can be collected during the remainder of the monitoring
period. .

For adequate monitoring of the quality of water from a drainage
area, more than three series of samples should be collected. Each
series should be studied to determine any adjustments needed in the
wonitoring program. The data in table 16-2 give the analyses of the -
first three series of samples for this drainage area, A drastic change

“occurs in the third seriea, which were collected during a runoff event;

therefore,. close review of the data and correlating them to field con—-
ditions are necessary before taking any more samples.

ANALYSIS OF WATER QUALITY DATA

Bacteriological Data

As stated prviously, emphasis is on the bacterial populatiom. The -
first two series of samples, taken from the base flow, did not reveal
any substantial pollution. The FC/FS ratio of the first two series indi-

cates that the waste sources are primarily lower animals. This indica-
tion can be migleading, however, since the counts are low. Many experi-
enced fnvestigators prefer not to use the FC/FS ratio if the fecal col-
iform count 1is below 1,000 FC/100 ml and definitely do mot use the ratio
if the count is below 500 FC/100 ml. Since this is a base flow with a
low bacteria count, it may be wise to omit the FC/FS ratio except at
station 4. The bacteria counts at station No. 4 are elevated, and the
FC/FS ratio indicates that the waste source is nonhuman. The map shows

that poultry and feedlot facilities drain into the tributary above sta-
tion 4. If there is a base flow near these waste sources, three addi-
tional sampling stations should be used~—one above both sources, one be-
tween the two sources, and one below both sources. Samples taken at
these stations can identify the source of the discharge to the stream.
In the third series of samples, collected during a runoff event,
the fecal coliform and fecal streptococcal populations were substan-
tially elevated. An increase in bacterial density is expected duxing
Tunoff, but density depends on the particular time—-early, middle, or

u
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" late——~the samples were collected during the runoff event and on the

degree of pollution (fig. 16-4). Although a large numbexr of samples
need to be collected and analyzed, bacter

131 density versus runoff
curves should be developed for one runoff event

whenever possible. If
the waste sources are primarily wildlife, the bacterial population

should not be elevated to an abmnormal density umless a high percentage
of the rainfall results in runoff. Because of its diluting effect, the:
amount of base flow in a stream also affects bacterial density.

The bacterial population at station 1 increased to an abnormal
density during the runoff event, and the FCJ/FS ratio indicates a mon-—
human source. The count at station 3 is even higher than that at sta-

tion 1, indicating a possible combination of bacterial die-off between
stations 3 and 1, dilution by runoff from station

2, or the different
time of collection during runoff (fig. 16-4). Samples from station 4
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" Figure 16-4.--Bacterial density and runoff curve.

give the best indication of the waste source. The FC/FS ratio indicates
a nonhuman source and, from a review of figure 16-3, it is possible to
conclude that the two livestock confinement units are the sources.

To verify that the livestock units are the waste sources, addi-
tional stations for sampling runoff should be installed to determine if
‘the waste is from the confinement areas, from manure-spreading areas,
or from other sources such as wildlife areas. A comparison of samples
from stations 5, 6, and 8 indicates that the human population is con~—
“tributing to the fecal coliform count but that the density is reduced
as stream distance increases. A comparison of samples from stations 9
and 11 shows that the Increased bacterial density is probably from wild-
. 1ive since the area is a wildlife management area and few domestic ani-

nals are likely to be present.

Present indications are that the swimming beach should be located
on the east side of the proposed recreation lake between stations 2 and

1 (see fig. 16-1). This location allows the maximum amouant of dilution
and bacterial die-off in the lake. Corrective action should be taken on
_ problem waste sources before an impoundment for water is comstructed.

. Stream monitoring should be continued after the corrective action is
taken to be sure that the sources of pollution are eliminated.

. Another approach is to apply a mixing equation whén enough samples
have been collected, The equation will give an approximation of the
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bacterial concentration in the lake after a runoff event. The informa-
tion obtained from the mixing equation camnot be used as concrete evi-
dence of the bacterial effect on a lakée or stream because only grab

samples are analyzed and uniform mixing is assumed. The information may
serve as a guide.

The mixing equation is:

¢ c
B.Q. = L Q14+ 2 @
Q +Q
vhere

average bacterial population in a body of water after a
runoff event
C

mean fecal coliform density of runoff )
acre-feet of rumoff éntering a lake or stream

mean fecal coliform density in a lake or stream before
Q the runoff event
2

= agere-feet of water in the lake or stream.

This equation assumes instantaneous, complete mixing of the runoff
water with the water in a lake or stream although this condition will
not exist. The counts will be higher near the inlets into the lake or
stream and lower the greater the distance from the waste sources.

This ejuation is often applied in two'different ways. One approach
is to calculate the average fecal coliform concentration in a lake from
the mean inflow concentration. Another approach is to calculate the
maximum allowable geometric mean of fecal coliform inflow from runoff.

The following example illustrates the second approach. Consider
the conditions given for the watershed and assume that

Q3 = 2,500 acre-feet .
. Q) = 4,800 acre-feet (storage in lake)
Cj = mean fecal coliform density in rumoff

Cy = 50 FC/100 ml in the lake before runoff occurs (assumed
B.Q. = 200 FC/100 ml maximum geometric mean/per month for water
‘ _ contact sports .
200 = 2,500 01 + 50 (5,800)

2,500 + 4,800 _ - .
Cy = 483 ¥C/100 ml (allowablie fecal coliform density in the storm
runoff)

As an example of the first approach, assume that the mean FC count
from a rainstorm is 800 F

X /100 ml. Runoff from the 10,000-acre watershed
is 0.8 inches. : .

0.8
Q1 = 737 x 10,000 = 666 acre-feet

C1 = 800 FC/100 ml
Qy = 4,800 acre~feet
Cy = 50 FC/100 ml (assM) ]
B.q. = 300 _(666) + 50 (4,800)-_ 772,800

666 + 4,800 5,466
B.Q. = 141 FC/100 ml
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The mean fecal coliform count should be determined from a momitor-
ing period that covers several series of samples. It should not be used
as concrete evidence for acceptance of a site but should be used with
other data as an indication of the potential acceptability of a site,
An analysis may indicate an average fecal coliform density in a lake of
250 FC/100 ml, but 1if the beach area is located away from sources of
pollution, it may be reasonable to conclude that the concentration will
be less than 200 FC/100 ml at the beach area because of bacterial die-
off and dilution between the stream imlet and the beach.

Chemical and Physical Data

Chemical and physical analyses of samples taken at stations 1 and

6 indicate the water quality in the upper and lower reaches of the
stream. If the parameters reflect an unusual condition, additional sam~
plea should be collected to determine the source of pollution. The pa-
rameters used in this example are not all inclusive; often samples
should be analyzed for more parameters. Carbon dioxide, turbidity, coler,
chemical oxygen demand, etec., are frequently included in a water quality
analysis. Figure 16-1, table 16-2, and the discussion that follows 11—
lustrate the analytical principles but-do not provide a detailed analy-
8is of each possible parameter. Only eight parameters are used.

Temperature

Knowing the fluctuation in water temperature is important in deter- g
nining the concentration of dissolved oxygen at 100-percent saturation.
The stream selected for this example is in the Deep South and has little
overhanging cover to provide shade. The runoff water is approximately 3
to 6 degrees (°F) cooler than the base flow in the stream, which can be
expected from forested areas.
: If this analysis of temperature is applied to a stream for which
channel improvements are planned, a record should be kept of the temper- -
ature fluctuations during the hottest weather of the year. Air and water
temperatures should be taken and recorded at the same time to have a
good- temperature baseline for comparison after the channel improvements

are made. Although these data are often lacking, they are important for
_ future projects. .

Dissolved Oxygen (DO)

For compatison of one series of samples with another, it is usually
better to represent the dissolved oxygen concentration as the percentage
of that at saturation. Dissolved oxygen saturation varies with water
temperature and elevation above mean sea level (msl).

The data in table 16-2 indicate no substantial variance in DO con~
centration that would suggest a significant load of organic pollution.
The increase in DO concentration in the surface runoff water is due to
Stream reaeration. In areas of cverfalls or steep, rocky channels, the
DO concentration may be higher than the 100-percent saturation level. If
the DO level had dropped, it would suggest that an organic waste load

had washed into the stream or that a heavy bottom deposit of organic
materfal had gome into suspension. i '

Lo
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pH

© The pH 1s slightly depressed, which may be due to the carbon diox-
ide level in the water or to sources of acidity that can occur in

spring-fed streams, It is not uncommon to find the pH fluctuating be-
tween 6.0 and 8.0, depending on the water source. The water may come
from the ground into the stream with a high carbon djoxide level and a

depressed pH, but as the carbon dioxide escapes to the atmosphere, the
pPH increases toward neutral,

Suspended Solids

The suspended solids parameter represents the concentration of
soils and organic and inorganic material in suspension. The level of
suspended solids for the base flow in this example is satisfactory, but
it is substantially increased in the third series of samples (surface
runoff).

Note that the suspended solids level is higher at station 6 than
at station 1, vhich indicates that theé upper reaches of the watershed
have a source of sediment either in stream degradation or in the gur-
rounding land area, or both. Since the concentration is lower at station
1, there may be enough reduction in stream velocity to allow some set-—
tling of suspended solids between the two stationa. The lower concentra-
tion may also indicate that the bulk of suspended material had not ar-

rived at statfon 1 when it was sawpled. To fully explain the difference’
in concentration would req

uire a series of samples taken during a run~
off event. '

Nitrogen (N) . }

Determination of the total nitrogen céoncentration requires three
different tests. The total Kjeldahl nitrogen test measures the amonia
and organic nitrogen forms of nitrogen. The regular Kjeldahl nitrogen
test measures only organic nitrogen but not ammonia. Free ammonia in
purface water indicates fresh pollution. The thixd series of samples
reflects fresh pollution, especially at station 1. The source may be .
the animal confinement areas, .

Since nitrites represent the first product of the oxidation of .
free ammonia, the presence of nitrites (0.05 mg/l) indicates organic -
waste that has already gone through some degree of decomposition. Thus,
the pollution indicated is not. necessarily fresh pollutioa.

The nitrate concentration varies with land use in a drainage area
and with geological erosion. Nitrates can- indicate possible previous
pollution with the nitrogen already reduced to its fimal mineral form.
The present nitrate concentration 1s not unusual except at station 1
during runoff. This unusual concentration could be due to the anisal

confinement area, but that is not definite since nitrates generally axre
present to come degree in surface water, ’

Phosphorus (P)

The phosphorus concentration is fairly high, which could be attrib-
uted to the P-rich soil eroded from the drainage area or to a waste dis-
charge, but other sources should not be discounted. The high P level at
both sampling stations and the increase during runoff are further

g g
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indications that the source is eroded soil. Since the suspended solids
level is substantially higher at station 6 than at station 1, it can be
deduced that the P content would also be higher, but this depends on.
the affinity of the suspended solids for phosphorus. If the suspended
golids ‘have a definite affinity for phosphorus, then the solids may ad-
sorb part of {it, leaving less in solution. -

SUMMARY OF EXAMPLE

This example illustrates the methodology for conducting a water-
quality monitoring program. It used three serles of samples, which are
enough for only the beginning of a good monitoring system., At least

five or six additional series are needed to further deseribe water
quality. Additional

sampling stations are also needed to evaluate the
waste sources, ) .
Although only three series of samples are used in this example,
the analy

ses indicate that the proposed site is not satisfactory for
impounding water for water comtact sports, The fecal coliform concen- '
tration in the runoff from the feedlot or the poultry houses, or both,
is too high. Extending the monitoring program with additional sampling
stations and monitoring a

few runoff events should isolate and identify
‘the specific source of the high coliform conceatration. Corrective

steps should be taken to reduce the concentration and the stream moni-
tored again to determine acce

ptability of the water for water contact
sports. )
The chemical

. quality 15 not unusual. The presence of suspended
solids indicates

a possible source of solids above station 6_, and the
total Kjeldahl nitrogen test indicates a waste source between stations

1l and 6. It is also indicated that storm runoff usuvally incx:eases.t'he
concentration of most parameters.

CONCLUSION

The investigator planning a water—quality monitoring system should
-request suggestions and critictsm from reviewing and regulatory agen-
cies. A water-quality wonitoring program requires research, vigilance,
and experience. The data ghould be summarized and reacsons given for any

fluctuations. Most of these reasons can be keyed to the first field re-
connajissance of ‘the drainage area,

oue of the most important eleménts
in monitoring water quality.

4. MONITORING AND SAMPLING OF ANTMAL WASTE DISPOSAL SYSTEHS

After a waste management system has been designed, approved, and
coustructed, it must be monitored continuously to determine effective-~

ness, Some guidelines for monitoring seepage from earth storage facil-
ities and lagooms,

constituents of stored wastes, constituents in soils
and crops receiving waste wvater,

and efficiency of treatment systems
for animal wastes are discussed in the following pages.
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For waste disposal systems, sampling and monitoring are defined as
follows:

1. Sampling is the physical act of collecting water, waste water,

§0il, or vegetation for the purpose of analysis or analyses for
various constitueunts,

2. Honitoring is a program of sampling and observing the analyti-
cal data to determine effectiveness of a system and fluctua-

tions in the various constituents under surveillance. This may
be a continuous process, )

SEEPAGE FROM EARTH STORAGE FACILITIES AND LAGOONS

If earth storage facilities or lagoons are used to retain animal.
waste, seepage through the soil should be reviewed critically. Studles
Indicate that earth storage facilities are soon sealed with animal -

waste, but it may be a mistake to assume that there is no risk of pol-
- lution. It may be a few weeks or several months before the soil is ade-
quately sealed with manure, and during this time nitrates and other um-
- desirable constituents can enter the ground water. If a manure storage
facility or waste lagoon is to be constructed in a soil with a question-
able secpage stratum, approval should be obtained from the state regu-
latory agency and a ground-water monitoring system installed to detect
possible problems. -

If the direction of ground-water flow is knowm, monitoring a small
- well to ground-water level is enough. But the direction of ground-water

flow is difficult to determine from surface observation. Ground-water
wells should be located on all sides;of the facility to be sure that
.one Well 15 on the downstream side of the underground flow. Ground -
water does not necessarily flow parallel to the slope 6f the ground
surface (see fig. 16-5).

When the wells are installed, several series of samples should be .
collected from the ground watexr for analysis before the facility is
loaded with animal waste. The wells ehould be protected from contami~
nation by.surface water. Enough samples should be taken to develop a
base line for constitutents of the ground water. Samples are usually
analyzed for the same chemical parameters that are measured in raw-
water supplies for human consumption, such as the variocus forms of ni-
trogen, phosphorus, iron, manganese, copper, etc., but they may also
need to be analyzed for other constitutents. :

After the ground-water base line is established, animal waste can
be added to the storage facility and monitoring begun. The frequency of
sampling depends on the amount of seepage expected. An analysis to de-
termine the amount of seepage and the rate of travel is helpful in set-
ting a sampling routine, At the beginning of the monitoring program,
frequency of collecting samples can range from once every 2 or 3 daya:
to once every 2 weeks. From the seepage analysis the travel time from
the storage facility to the well on the downstream side can be calcu-
lated. If there is no pollution for a reasonable period after the cal-
culated travel time has elapsed, frequency of sampling can be reduced.
It is desirable to continue some type of monitoring program as long as
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Figure 16-~5.,--Location of monitorin_g wells,

the facility 15 used or contains decaying organic material, Prequency
of sampling eventually can be reduc
i3 no evidence of ground-water pollution after several years of moni-
toring, Fecal coliform bacteria are not usually detected in ground -
- water because the bacteria have a high die-off rate in soils,
If the storage facility is constructed in slowly permeable or
‘beavy clay soil, then a ground-water monitoring system may not be ne-
cessary. Seepage control is better than monitoring ground water for
possible seepage, If wonitoring indfcates that the ground water is be-
ing polluted, the facility ghould not be used until the source of pol-
lution 1s eliminated, ‘

CONSTITUENTS OF STORED WASTE

. The field application rate recommended for animal wastes is usu-
ally based on the nitrogen content of the wastes. If wastes are stored
for only a few days,

it is commonly assumed that little nitrogen is
lost and the applicat

ion rate is based on the nitrogen content of the
manure as excreted by the animal, -

If wastes are stored for 1

onger periods, thie nitrogen content may
change appreciably,- especially 1f there are aercbic and anaerobic

strata in the storage facility or lagoon. The owner of a waste stoiage
facility may wish to take several series

of samples to determine the
Plant nutrient content of the waste before field application. If waste

ed to once or twice a year if there
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vater is appl'ied by sprinklers, sampling of the water to determine ni-

trogen loss during irrigation may be wise, This requires catching the
liquid in a container as it is applied. :

CONSTITUENTS IN SOILS AND CROPS RECEIVING WASTE WATER

Many waste components applied in excess can be harmful to soils or

plants and may be toxic to animals consuming vegetation that has taken
up excessive amounts.

It is estimated, for instance, that only half of the nitrogen in
animal manure becomes available to plants during the first year and
that the remainder becomes available at reduced rates in subsequent
years. A high rate of annual application may be safe for the first year
or so, but continued application at that rate could result in nitrogen
being leached to ground water as nitrates or being taken up in excess

by plants. Under certain conditions an excess of nitrates in forage
caugses grass tetany in animals,

Dissolved salts in waste watexr mziy be leached to ground watexr or,

in arid areas, may build up in soils to a level that is toxic to cer-

tain plants, Too wuch sodium can disperse certain soils and affect

plant growth adversely. Zine, copper, and nickel can build up in soils
- and become toxic to vegetation. Arsenic, borom, cadmium, lead, mercury,

molybdenum, and selenfum in excessive amounts are toxic to both plants

and animals. Elements such as lead and mercury are cumulative and over

time can build up to levels toxic to animals. _
Chapters 2, 5, and 6 discuss the recommended maximum concentration

of the various elements in water for different uses and the effects of

an excess of waste components on goils and plants. Honitoring of applied-

wastes, soils, and plants may be required for safe management of dis- .=

posal areas that receive heavy waste applications or wastes with high con~

centrations of troublesome components. Assistance of soil scientists,

agronomists, and geologists is necessary for establishing and evaluating
. such monitoring programs, ' :

EFFICIENCY OF ANTMAL WASTE TREATHENT SYSTEMS

To monitor the efficiency of a waste-water treatment system,
gamples should be taken of the v

av waste water, of the waste at loca-
tions between treatment units, and of the discharge. Regulatory agencles
usually do not allow any discharge from animal waste treatment systems,
but if discharge is allowed, the owmer is usually required to have rou-
tine analyses made to be sure that the treatment unit is functioning
properly. The analyses are reported to the regulatory agency. Most ani-
mal vaste treatment systems provide for final disposal of the effluent
on land., The effluent is treated to control odor, to reduce volume or
_organic content, or merely to provide inoffensive storage. Monitoring
of treatment efficfency is important for determining the land applica-
tion rate and for correcting possible malfunctions within the treatment
system. _

The constituents normally monitored are BOD, chemical oxygen de-
mand, forms of nitrogen, phosphorus, potassium, dissolved oxygen,

o~
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suspended so0lids, and chemicals used in animal feed that can disrupt

treatment efficiency, But a monitoring system has no value if the data
are not properly analyzed.

The owner of a facility is responsible for the proper fumctioning
of the treatment or dispo

sal ‘system; and fulfilling this responsibility
often requires a wonitoring program, Monitoring benefits both the owmer
- and the public,

Sampling water, vegetation,

or soil and recording the data do not
complete a monitoring system. d

The data must be analyzed in relation to
the various effects the constituents can have upon the enviromment. The
owner may need the assistance of engineers, agrodomists, geologists,

and soil-scientists in establishing a monitoring program and developing
a system for analyzing accumulated data, )



