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CHAPTER 1

INTRODUCTION

1. 1 Statement of the Problem

As the result ol the increase in swine production industry in Oklahoma during the
1990s, the number of complaints about odor emissions from swine operations began
making news. Farmers aware of this situation have been asking for new treatment
processes or modifications to existing systems that can easily be implemented in the
facility to control odor emussions while minimizing operational cost. Researchers have
reported that collecting and stoning liquid manure, as in pit-recharge and lagoon systems,
reduces levels of ammonia and hydrogen sulfide gas from the facility if the liquids are
properly handled. Therefore, farmers should become familiar with the handting of liquids
throughout the facility. and how changes to the actual liquid operation can improve the
performance of the lagoon as a treatment system while recycling nutrients 10 the soil and
minimizing odor enissions.

Poor liquid handling in the fann increascs odor emissions from buildings and
lagoon treatment systems and increases salt Jevels in the lagoon. Higher levels of salts
cause detrimental effects in the performance of lagoons as treatment systems and in the
soil and plant interface when lagoon effluent is irrigated for nutrient recycling. Increased
salt levels above those recommended for anaerobic lagoons affect biological activity of

anaerobic microorganisms which function to break down organic matter, resulting in the



accumulation of partially digested organic matter and the emission of foul-smelling
gases.

Lagoon design standards set by MWPS (1985). USDA-SCS (1992), and ASAE
(1994), recommend that operators maintain lagoon liquid level between a maximum
operational level (MOL) and a minimum drawdown level (MDL) for good performance.
The treatment performance of the lagoon will be affected if the liquid level drops below
the MDL resulting in tess available volume to dilute incoming waste and a smaller
volume than the design capacity. On the other hand, liquid level above MOL reduces the
storm storage capacity which is designed to prevent liquids from overflowing during
unexpected rainfall events.

The quantity of fresh water used for pits or flushtanks recharge can be greatly
reduced and frequent irrigation can be minimized by recycling lagoon effluent. Although
this practice reduces the operational cost mvolved in irrigation, the prolonged exposure of
the lagoon to recycled effluent may adversely affect the biological activity in the lagoon,
increuse the rate of salts accumulation, and possibly Jead toward buildup of crystalline
materials in pumps and pipes of the recycle system (Westerman et al., 1085; Georgacakis
and Samantouros, 1986).

Liguid handling practices are affected by vanation in climatic conditions,
especially rainfal} and evaporation. Lagoons located in the castem portion of Oklahoma
are exposed to higher net rainfall minus evaporauon; therefore, they are more likely to
overflow without periodic imgation. In the Oklahorma Panhandle, where negative net
rainfall minus evaporation prevails, farmers have to add fresh water to compensate

evaporation losses and to maintain Jower salt concentrations.



To assist farmers with the problem of liquid handling, a computer program has

been developed to balance matenals flowing into and out of a single stage lagoon and

estimate lagoon performance based on salt level.

1.2 Objectives

The overall goal of this research was to develop a user-friendly mass-balance

computer program that combines factlity operation data and weather data to predict liquid

level and effluent electrical conductivity. The computer program provides a step-by-step

mode of inputting data that allows farmers to develop the best strategy of liquid. Good

liguid management maximizes the performance of the lagoon as a treatment system and

effluent storage structure. The specific objectives of this research were:

I

(U8

To develop and test a hydraulic model (o predict. on a daily basis, the hquid levet for
a single cell lagoon.

To incorporate an electrical conductivity model of the lagoon supematant inio the
hydraulic modet.

To calibrate both models using the Oklahoma State University's Swine Research
Center and Dbistorical weather data from the Mesonet station located in Stillwater,
Oklahoma.

To validate both models using operational information from three facilities located in

eastem, central and western Oklahoma.



1.3 Scope of the Study

The model integrates all possible modes of liquid operation and waste collection
found on swine production facilities in Oklahoma (Chapter 3). It is expected that farmers
will use this program as a tool; therefore, the interactive language displayed in the
program 1s self-explanatory to avoid misunderstanding data input and interpretation.
Moreover, all inputs and outputs, except electrical conductivity, were expressed in the
English system so farmers will be more familiar with the program environment.

Actual operational data from all the facilities involved in this research were used
for calibration and validation of the model. This information was acquired from the four
facility managers. Also, historical weather data [rom Mesonet stations were used In
conjunction with on-site rain gage measurements. Uncertainty in the model output will
always be present, but the magnitude is lowered if actual operational and weather data are
used for the simulation. The simulation periods tested during the research were
established by the availability of observed liquid levels, irrigation data, and electrical

conductivity measurements.



CHAPTER 2

REVIEW OF LITERATURE

2.1 Lagoon Mass Balance

Anaerobic lagoons are natvral ecosystems. Their liquid storage capacity is
constantly changing due to: the environment (e.g.. ramnfall and cvaporation), the
introduction of liquids from operational units, recycling of effluent, and application of
effluent to soil as final receiver. In order to develop a liquid balance on treatment
lagoons, all possible sources of matenal entering and leaving the systems should be
considered. Casey (1995) described the increase in anaerobic lagoon volume due to
manure loading, rainfall, and runoff and the reduction of volume by evaporation, seepage,
and discharge.

The importance of developing liquid mass balance in lagoons is to provide
operational alternatives for proper handling of excess or deficiency of liquids without
affecting the lagoon performance. Anaerobic lagoon design standards have determined
that the operational liguid levels should always be maintained within the effluent or
storage zone (MWPS, 1985; USDA-SCS, 1992; ASAE, (994). The upper and bottom
sections of this zone are classified as the maximum operational level and minimum
drawdown level, respectively. It is a potential pollution risk to allow liquid level to rise
above the maximum operation level during any period because the excess of rawnfall on
top of the lagoon can overflow and contaminate receiving areas. On the other hand, if the

liquid level falls below the minjmum drawdown level, lagoons will not have enough



available liquid volume (o dilute incoming waste and to mantain a sufficient residence
time (solid and hydraulic residence time) in the lagoon to achieve efficient treatment. In
places where the net rainfall minus evaporation is negative all year around, it is more
likely to find liquid levels below the maximum operation leve). Special attention should
be paid to the liquid operation in these lagoons. It may be necessary to add fresh water in
order to maintain salt concentration within the recommended levels. Higher levels of
morganic salts affect the biological activity of anaerobic microorganisms in anaerobic
lagoons {Georgacakis and Samantouros, 1986).

Lagoons have become an attractive treatment system for hog production pnmanly
because they have a lower capital and operational cost than mechanical treatment
systems. Lagoons allow the storage of nutnients i the treated and minimize the use of
freshwater by recycling effluent for the storage pits and the flushing tanks. Booram et al.
(1975) studied the convemence of using recycling effluent as the driving force for swine
manure handling and transportation. They concluded that the use of hydraulic manure-
transport system to recycle (reated wastewater has reduced both the labor and the volume
of liquid that must be discharged from the system. Others researchers have reported that
if irrigation is the primary objective for lagoon storage, adequate fresh water volume must
be periodically added to avoid accumulation of putrients and inorganic salts which could
injure crop production (Stewart and Meck, 1977; Sutton et al., 1982),

Anaerobic lagoon hquid level and effluent nutnient characteristics depend on the
amount of wastewater entering nto the lagoon. Inflow volume is a function of the type
of hog production unit, type of waste collection and handling system, frequency and

amount of washwater per cleaning event, water addition from spillage, recycling,



irrigation, and climatic conditions, especially rainfalt and evaporation (Sutton et al., 1980;
Nordstedt and Baldwin, 1984; Payne et al., 1985; and Westerman, 1990). Excess liquids
and nutrients in lagoons can be estimated by applying a mass balance on the material
flowing in and out of the lagoon. Overcash et al. (1978) estimated the excess of liquids in
swine lagoon by determining the wastewater and rainfall input to the lagoon minus the
average Class A pan evaporation data. Casey (1995) used a computer program to
determine long term nutrient composition on swine lagoons based on a mass balance
approach and empirically derived relationships. Both investigations reported that rainfall
ang evaporation had a significant impact on lagoon performance.

Two climatic conditions of concemn in terms of liquid operation are rainfall and
evaporation. Observation of the historic weather pattem for a specific location can help
farmers obtain better understanding of what should be the operational liquid level.
Normal vanation of the water balance during the year requires that lagoon water level to
be lowered in the fall to provide storage for winter and spring rains (Barth et al. 1990).
Humenik et al. (1980) concluded that lagoons overflow in high moisture regions and
possibly can have periodic discharges regardless of geoclimatic location and waste
management practices. [n regions where evaporation exceeds rainfall in a series of dry
years, lagoons should be partly drawn down and refilled to dilute excess concentrations of

nutrtents and minerals (USDA-SCS, 1992).



2.2 Evaporation from Water Surface

Evaporation is a significant component in the hydraulic balance when a large
quantity of water evaporates from the lagoon surface to the atmosphere. Evaporation from
water surfaces has been widely studied since the early part of the 20th century. Thanks to
the development of instrumentation to measure physical weather phenomena, a number of
different approaches to estimate evaporation has been developed using measurable
meteorological data. One of the classic works in this area was conducted by Penman
(1948) in which he introduced an empirical equation to estimate evaporation combining
both aerodynamic and energy factors from standard meteorological data. Many
investigators, including Penman, continued to expand the theory of the combination
equation since 1950 with emphasis on the aerodynamic aspect. A modification of the
onginal combined equation replaces the linear vapor transfer with a more theoretical
vapor transfer function (Jensen 1990). The combination equation of estimating potential
evaporation from meteorological data 1s the most accurate method when all the required
data are available and the assumptions are satisiied (Chow, 1988). The required
climatological data for combined eguation includes net radiation, air temperature,
humidity, and wind speed (Jensen 1990).

Evaporation from anaerobic lagoons should be compared with lake evaporation
instead of pan evaporation because the large surface area and liquid volume of the lagoon
storcs absorbed radiaton as heat over extended time periods. Heat absorbed dunng
daytime in a Class A pan is lost during night. Famsworth et al. (1982) explaned the
relationship between pan evaporation, free water surface evaporation, and lake

evaporation. Pan evaporation is the observed evaporation rate at a standard National



Weather Service (NWS) Class A pan installation. Free water surface (FWS) evaporation
was defined as “evaporation from a thin film of water having no appreciable heat
storage”. FWS is considered to be approximately equivalent to potential evaporation
from a shallow water surface. Lake evaporation may differ significantly from FWS
evaporation during a given month because of changes in heat storage in the water body.
{t is generally thought that on an annual basis the FWS evaporation and the lake
evaporation are about the same.

A simple method to estimate lake evaporation is to multiply Class A pan
evaporation by a factor of 0.70, but this factor varies with seasons and locations
(Famsworth et al., 1982). The Class A pan evaporation values tend to overestimate the
total amount of evaporation and distort the seasonal distribution of large water bodies due
to differences in thermal characteristics (ASCE, 1996). When the water in the pan is
warmer than the air, the coefficient is greater than (.70, and vice versa. During winter,
when snow and ice cover the water surface in the pan, the tendency for most locations is
10 use lower coefficients that those for summer months (Jones, 1991).

An altemative (o reduce variations tn evaporation values from Class A pans and
wastewater holding ponds was studied by Pratt et al. (1975). The results from their
investigation indicated an average coefficient between the floating pan and the lined pond
of 0.98 and between the land pan and the pond of 0.73. The close relationship between
evaporation from the pond and from the floating pan also indicated that the physical
properties of the liquids in the pond and the freshwater in the floating pan possessed

similar evaporation characteristics. Based on this finding, similar values of the albedo



number for water can be applied to treatment lagoons. Approximate mean albedo values
for deep water are between 0.04 - 0.08 (Brutsaert, 1982).

Most evaporation equations that use an energy balance assume that temperature of
the water 1s constant in time and that the change in stored heat is only the change in the
internal energy of the water evaporated. However. the value of heat storage over the
entire period may be significant, especially for pertods of 30 days or longer. The
exclusion of energy storage limits the application of the combined method to daily time
intervals or longer, and to situations not involving large heat storage capacity, such as a
large lake possesses (Chow, 1988).

For evaporation over very large areas. energy balance considerations largely
govem the evaporation rate (Chow, 1988). The magnitude of heat stored in the lagoon is
msignificant during short periods (e.g., 24 hrs.) but 1s notable during longer periods (e.g.,
seasons of the year). In moderate chmates such as Oklahoma’s, heat is stored n lagoons
during spring and 1s released during fall and winter months. In order to cstimate
evaporation on a daily basis using the combined equation, the energy storage factor from
the energy balance must be adjusted based on reported ratios of energy storage (G,,) and
net radiation (R,). The seasonal lag in water bodies can be expected to produce higher
ratios of G/R, in spring than in fall months with equivalent solar or net radiation
amounts (ASCE, 1996).

Lake evaporation in Oklahoma generally ncreases from southeast to northwest
across the state. This variation in evaporation is atiributed to the differences in climatic
regions from humid in the extreme east to dry in the Panhandle. The average annual lake

evaporation ranges from 48 inches in the eastern section to as high as 68 inches in the
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Panhandle region. The pan coefficients for the conversion to lake evaporation range from

0.69 in the Panhandle 10 around 0.73 along the eastern border.

2.3 Lagoon Seepage

The liquid fall rate from earthen basins is also related to the potential removal of
liquid through the lagoon sidewalls and bottom floor to underground soils, as well as
evaporation. Imitial liguid removal by seepage varics because of physical characteristics
and properties of the soil liner, type of liquid waste, and biological transformation of the
organic matier in lagoons. Many investigators have concluded that microbial action
and/or fine organic matenal generally clogs soil pores in the soil barrier of lagoons
making then effectively “self-sealing” (Bamngton and Jutras, 1983). These fine
materials, under the hydraulic pressure of the hquid manure will penetrate into the soil
macropores causing reduced hydraulic conductivity and in tum reduced seepage (Ghaly et
al., 1988).

Barrnington and Jutras (1985) determined that when the sotl bottom and sidewalls
of manure storage ponds and lagoons have a moderate to fine-textured soil (such as silt
clay loam or clay), the final permeability coefficient is usually on the order of magmtude
of 10” to 107 cm/sec. Moreover, the hydraulic conductivity can decrease up to 10"

cm/sec depending on the level of construction quality (Hootkany et al., 1994).
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2. 4 Sources of Inorganic Salts

Manure ts the major source of inorganic salts in Jagoons. I[norganic salts are
generally fed to hogs in quantities higher than the daily minimum value. While this
practice may not harm the amimals, it has a scrious consequence on the manure handling
system. Researchers have identified three operational problems caused by higher levels
of inorganic salts in lagoons. These problems are the crystalline struvite (magnesium
ammonium phosphate MgNH,PO,-6H,0) buildup in pumps and pipes, reduction in
biological activity in the lagoon. and salt buildup in irmigated sotls. Although the addition
of fresh water for the dilution of high levels of salts in lagoons has been suggested by
many researchers and lagoon designers, an equally effective solution is to control the
excess of salt added in the hog diet. However, letting the lagoon liquids evaporate over
long periods results in an increase 1n salts concentration regardless of the salt loading
level from manure.

The functions of dietary minerals are extremely diverse.  Rea et al. (1990)
indicated that at least 2() inorganic elements are required in the swine diet. These include
sodium, potassium, calcium, magnesium, phosphorus, chlorine, sulfur, iron, zinc, copper,
manganese, iodine, and selemum. There are other minerals required by pigs in very small
amounts for which the dietary essentiality has not been demonstrated (NRC, 1979).

Recommended dietary levels of minerals for pigs vary from farrowing sows to
finish hog. The differences are primanly duc to the amimal’s diet, age, usage. and
productivity (Rea et al., 1990). Levels of inorganic minerals are based on the minimum

requirement to achieve production performance. However, these recommended levels are



sometinies altered by the producer, whose primary goal is to maximze the conversion of
feed into meat products 1n a short time and to produce large numbers of healthy pigs.

Swine production 1s an industry which produces a large volume of concentrated
waste that contains high levels of mineral salts, heavy metals, and antibiotics (Overcash
et al, 1978). The use of high ilevels of dietary feed containing tnorganic cations must be
considered both in terms of the swine uptake efficiency and the further presence of these
cations in lagoon supernatant and land as terminal receiver. Researchers have found that
the excess amounts of inorganic elements in diets which are not retained in the animal
body are excreted in the urine and feces (Sutton et al. 1976; Golz and Crenshaw, 1991).
Therefore, the environmental impact of these cations can be repressed by controlling the
excess given in the formulated rations.

Although hog diets contain significant amounts of inorganic salts, only those that
represent a potential hazard to lagoons and crops will be considered in this discussion.
These are: sodium, calcium, potassium, and magnesium.

Sodium 1s the most important extracellular cation in the swine body. Sodium is
routinely added as a sodium chloride (NaCl) supplement. Recommended levels for boars,
pregnant females, and lactaling females are between 0.25 % to 0.50 % (5 to () Ibs per ton
of feed) (NRC, 1979). Hagsten and Perry (1976) showed that sodium excretion increased
when salt levels above 0.14% (2.8 lbs per ton of feed) were added to swine growing-
finishing diets. Similay results were also found by Sutton et al. (1976) in which the waste
from pigs fed with 0.5% salt contained higher sodium levels than waste from pigs fed

with 0.2% sali.
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Potassium is an important mineral involved in electrolyte balance and neuro-
muscular funcuon and serves as a monovalent cation to balance anions intracellularly,
much as sodium functions extracellularly. The daily potassium requirements to
farowing-fin)shing pigs range between 0.17 % 10 (.30 %, much less than the percent
available in 2 diet containing only soybean meal or rice (NRC, 1979).

Calciunt 1s of major importance for skeletal development and for many other
physiological functions like blood clotting and muscle contraction (NRC, 1979). For
maximuwn performance, an optimum daily dietary level of calcium between 0.75 % to
0.90 % is suggested for bred, gilts, lactating sows, and young and adult boars. Most
natural ingredients commonly used to prepare swine diets are almost devoid of calcium.
Comn-soybean meal diets and sorghum grain-soybean meal diets must therefore be
supplemented with calcium. Luce et al. (1990) reported that the standard sources supply-
ing supplemental calcium in swine diets are limestone (CaCO,) and dicalcium phosphate
(CaHPO,) with 38 % and 20 % respectively.

Magnesium requirements for swine are around 0.04% (NRC, 1979). Grain and
soybean meal ingredients generally contain up to 0.42% of magnesium, sufficient to
prevent deficiency signs. The magnesium will always be present in excess in the feed
since the amount of these ingredients is formulated as an energy and protein source but
not as a mineral source. Jones et al. (1990) mentioned that higher levels of these cations
are commonly found since the rations are usually over-fortified as insurance against
variations in feeds and requirements.

Excretions of excess inorganic salts can alter microbiological activity during

waste treatment and subsequently have an adverse environmental cffect if accumulated on
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land over a long term. The fraction of these excreted cations depends on several factors
that include the animal physiology as well as the presence or absence of some minerals
that can interact to alter the excretion or retention of other minerals. The percentages of
inorganic salts carried over in the feces and urine from feed input have been determined
by using a mass balance analysis of the material fed and wastewater flows from a large
growing unit (Overcash et al., 1978), and by analyzing the composition of feed intake and
excreted portion (Meyer et al., 1950; Mayo et al., 1959; Hansard et al,, 1961; Hagsten et
al., 1976; and Golz and Crenshaw, 1991). The percentages of feed sodium, calcium,

potassium, and magnesium carried over into manure are given in Table 2.1.

Table 2. 1. Percent of feed cations excreted in manure.

Cations Percent excreted, %
Na’ 66" 60 - 817
Ca’” 55! 40 - 74°
K 60' S5 - 60
Mg™ 74’ 60 - 75°

"Overcash et al, (1978).

* Golz and Crenshaw, (1991) and Meyer et al. (1950).

* Hansard et al. (1961).

‘ Golz and Crenshaw, (1991) and Overcash et al. (1978),
*Mayo et al. (1959).

Increasing attention has been taken toward modification of existing cation-anion
balance 1n diets to increase retention of certain minerals. Golz and Crenshaw (1991)
found that excessive levels of chloride or sulfate yon in diets increased the potassium
requirement, thus Jowering its amount excreted. The amount of sodium carryover in the

feces and urine was approximately 60 % for NaCl levels between 0.2 % and 0.5% (Golz
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and Crenshaw, 1991) and 81% or higher when NaCl content is above 0.8 % (Meyer et al,
1950). Approximately sixty percent of K° intake was found in manure (Golz and
Crenshaw, 1991 and Overcash et al., 1978). Hansard et al. (1961) reported that the total
fecal calcium excretion increased with increasing calcium levels (0.70 to 1.2 % calcium
intake), weight, and age. Levels of potassium and magnesium ranged from 0.5 % to 0.65
% and 0.40 % to 0.50 %, respectively.

An estimate of the excreted quantity of these cations in fresh feces and urine,
based on the total live weight, is given by ASAE (1994) standards. Variations from
actual values are possible due to the differences in the feedstuffs used and the level of
minerals in formulating the diets.

Not all the cations entering the lagoon remain in the supernatant. The sludge
layer contains a significant portion of the chemical and physical elements commonly used
to describe the lagoon performance (Fulhage, 1980). Many authors have described the
distribution of cations 1n anaerobic lagoons (Booram et al.. 1975. Overcash ct al., 1978;
Fulhage, 1980; Barth and Kroes, 1985). The mean fraction of cations distributed in the
liquid layer of a mature lagoon is given in Table 2.2. This table shows that sodium and
potassium are more strongly associated with the liquid layer than magnesium and
calcium. The distribution of cations in the sjudge or liquid depends on parent compound
solubility and the tendency of ionmized cations to form chelates with organic matter.
Soluble salt content is influenced by dilution of the organic waste with water (Steward
and Meek, 1977). Salts with low solubility will release less 1ons into solution at higher
cffluent electrolyte concentrations. Special attention should be paid toward matenals in

solution because they are the most toxic to biological activity.
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Table 2. 2. Percent of base cations entering a lagoon found in the liquid portion.

Cations | Overcash' Fulhage’ Barth and Average Standard
% % Kroes' , % % Deviation, %
Na’ 76 60 50 62 13
Ca” 20 38 28 29 9
K* 76 77 50 68 15
Mg~ 64 40 52 52 12

' Overcash et 2l. (1978).
? Fulhage, (1980).
* Barth and Kroes. (19853).

Values reported by Overcash et al. (1978) were used in the model due to the
sitailarities in the type of operation used in Oklahoma. The similarity included the type

of waste collection system, feedstuff composition. and lagoon sizing.

2.5 Cation Effect on Biological Activity

It 15 desired to avoid the toxicity of salts in lagoons to achieve higher treatment
efficiencies and to maximize the nutrient uptake by plants without affecting the soil-plant
interface. Methods to control salt toxicity include solids separation and the addition of
fresh water to dilute the concentration of salts. Most swine facilities do not use solids
separation becausc of the required labor and capital cost; therefore. it is assumed the total
daily mass of earth-metal salts such as sodium, potassium, calcium or magnesium
excreted by hogs will be collected and transported to the lagoon.

Most of the cations that are present in swine waste can be tolerated by anaerobic
lagoons at certain concentrations. While anions are always present with cations tn
lagoons, 1t is the cations which normally contribute to the toxicity problem (Georgacakis

and Sievers, 1979). The concentration of sodium, potassium, calcium, and magnesium
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that may be stimulatory or inhibitory to the biological activity of methane-forming
bactena in anaerobic digestion processes and their order of toxicity have been intensively
investigated by McCarty and McKinney (1961), Kugelman and McCarty (1964), and
Kugelman and McCarty (1965). The methane bacteria exhibited the same basic response
to the presence of cations as all other orgamisms. In most organisms, divalent cations
were found to be significantly more toxic than inonovalent cations; however, the relative
toxicity of divalent versus monovalent cations 10 methane producing organisins was
rather unusual. Results from these (nvestigations can be applied to anaerobic lagoons
where the complete conversion of digested solids depends on this group of bacteria.
McCarty (1964) described the effect of salt additions on anaerobic digester
systems in this manner: intially, small additions of salt stimulate bacterial activity, with
the stimulation peaking from a fraction of 1.0 mg/L for heavy metal salts to over 100
my/L for sodium or calcium salts. A further incrcase in salt concentration beyond the
optimun level causes a decrease in bacterial activity until the rate of reaction equals that
of the original environment before salts werc added. Further increases in salt
concentration beyond this point result 1n a continuing decrease in activitly due to
mcreasing toxicity. Table 2.3 shows the concentrauon effect of base cations on bacterial

activity in anaerobic digestion.
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Table 2. 3. Stimulatory and inhibitory concentrations of base cations on
digester performance.

Canon | Stumulatory Moderate Strongly
mg/L {nhibitory, mg/L | Inhibitory, mg/L
Na’ 100 - 200 3,500 - 5,500 8,000
K- 200 - 400 2,500 - 4,500 12,000
Ca” 100 - 200 2,500 - 4,500 8.000
Mg* 75-150 1,000 - 1,500 3,000

' Mc Carty, 1964,

The toxic effects of these cations, however, vary widely from orgamsm to
organism, and certain species can tolerate much higher concentrations than others.
Cations play an important role in the metabolisin of all organisms. They possess a
nutritional function by virtue of the fact that many cations serve as metallic activators for
a wide variety of enzymes. Kugelman and McCarty (1965) studied the cation toxicity on
methane producing organisms and their stimulation in anacrobic waste treatment. They
have found that when the concentration of the cation increases from 7zero, more enzymes
are activated and the reaction rate increases. Howecver, all the enzymes are activated
eventually and the excess cation then reacts with an enzyme for which it is not the
metallic activator. This results in a decrease in the reaction rate.

Another tmportant aspect found is that when combinations of these cations are
present in solution, the nature of the effect becomes more complex as some of the cattons
act antagomistically, reducing the toxicity of other calions, while other acl synergistically,
increasing the toxicity of the other cations (McCarty and McKinney, 1961; Kugelman

and McCarty, 1965; Georgacakis and Sievers, 1979).
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It is clear than an effort must be made to adjust the cation concentrations in an
anaerobic lagoon as much as possible toward the optimum concentration for each cation.
With knowledge of the concentration of these cations an evaluation of the lagoon can be
made and corrective measures be taken. This implies periodic collection of samples from
the tagoon supematant for laboratory analyses. Further research has shown that electrical
conductivity measurements from lagoon supematant can be used as a field tool in
measuring the effect of salt accumulation on biological activity in livestock lagoons

(Georgacakis and Sievers, 1979 and Georgacakis and Samantouros, 1986).

2. 6 Electrical Conductivity and Lagoon Performance

Ideally, it (s desirable to know the individual solute concentrations in the lagoon
supernatant, as well as the lagoon performance and effluent suitability for irrigation,
without need for collection of samples or laboratory analyses. To date, such
determination is possible by relating biological, physical, and chemical characteristics of
anaerobic lagoons with electrical conductivity (EC) or conductivity measurements
(Stewart and Meek, 1977, Fulhage et al., 1978, and Payne et al., 1985).

In anaerobic lagoons and other water or wastewater sources, electrical conduc-
uvity is related to the concentration of total dissolved salts. The concentration of salts in
swine waste that is readily dissolved depends on several physiological factors of the
animal aud the amount and composition of the feed. Excess salt in the feed 1s excreted by
animals and contnbutes to the dissolved salts in the lagoon; therefore, the greater the

excess of salts in the animals’ diet, the greater the lagoon supernatant EC.
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Measurements of conductivity are used as a convenient method to estimate the
performance of the lagoon in terms of biological activity and the amount of nutrients
available for land application. EC is a parameter which can be determined quickly and
easily in the field.

EC measurements may be used to estimate nutrient composition. Fulhage et al.
(1978) has found that a conductivity meter could be used to evaluate nitrogen
concenitration for swine and dairy lagoons in Missoun. Sutton et al. (1980) showed good
correlation between EC and each of three parameters: TKN, ammonium nitrogen (NH,-
N), and COD. Similar results were also found by Payne et al. (1985) and Westerman et
al. (1990) in which EC measurements from lagoon supernatant were correlated with total
nitrogen, ammonia, potassium, and phosphorous.

Work by Georgacakis and Sievers (1979) showed an excelient correlation
between EC and gas production in anaerobic digesters. They showed that EC values
between 4 and 8 dS/m were considered optimum for anaerobic digestion. EC in this
range was shown to stimulate bactenal activity with a peak stimulation occurring at an
EC value of 6.5 dS/m. EC between 10 and 13 dS/m caused a large reduction in digestion
efficiency. EC levels higher than 13 dS/m rapidly increased toxicity, resulting in a 90
percent inhibition of gas production at 33 dS/m.

The application of effluent to imgated land adds an additional source of salt
beside that from the irrigation water. Guidelines on lugoon effluent application have been
developed to assure that soil EC does not accumulate excess salt from manure. High soil
salinity interferes with the ability of the plant to absorb water from the soil and to

exchange plant nutrients. Slight hmitation for effluent application exists to soil EC below
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8 dS/m. Above values of 8 dS/m, plant growth is affected except for all but the most
tolerant crops (USDA-SCS, 1992). Salt accumulation occurs most often when a moisture
deficit is predominant. Under these conditions, farmers must add {resh water to dilute the
concentration of salt in the lagoon and irrigate more frequently to disperse salt build up
and avoid plant injury. [f lagoon effluent is not diluted with fresh water, farmers must
reduce the application rate so rainfall can dissipate the high concentration of salts in the

soil.
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CHAPTER 3

METHODOLOGY
3.1 Description of the Model

This mode! was developed on a daily time step to simulate lagoon elevation,
volume, surface area, and supematant conductivity. The program uses historical Mesonet
data to determine volume of rainfall and runoff entering the lagoon and evaporation
leaving the lagoon. Operational data supplied by the farmer includes lagoon dimensions,
all possible sources of liquid from the operational units, and how the liquids are handled
throagh the facility.

Many empirical relationships were combined in the model to estimate lagoon
evaporation, runoff, and seepage. Some equations were developed to caleulate lagoon
volume, surface area, clevation, inner lagoon walls arca, and electrical conductivity
loading. A complete description of the development of the hydraulic and electrnical

conductivity balance follows.

Mass-Balance Analysis

The fundamental approach used to determine the change in liquid storage
occurring in the lagoon is a mass-balance analysis. The change in storage 1s equal to the
mass (Tow cntering minus the mass flow leaving the lagoon:

AS - input - output (3.1)
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Consider the lagoon shown in Figure 3.1. An envelope is drawn to show the
system boundary established so that all the flows of mass into and out of the system can
be identified. Mass flow into the lagoon can be identified as manure, wastewater, and

rainfall. Outputs are identified as evaporation, irrigation, and seepage.

Ramfall Evaporahon

¢ Manure and \ /
. wastewater [rrigation

Seepage System Boundary

Figure 3. 1. Skctch of a lagoon for the application of mass-balance analysis.

Incoming manure and wastewater volume is determined from the number of
ammals in the facility und the capacity of the waste collection system and other hquid
handling systems. Othcer infonmation related to operational procedure such as irrigation
and recycling is obtamed from record books or by personal communication with facility
managers. Rainfall entering and evaporation leaving the lagoon is determined from the
Mesonet data. EC balance is determined once the lagoon ltquid volume 1s estimated
because the addition or removal of liguids will change the composition of EC in the

lagoon.
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3.2 Hydraulic Balance
Liquid Data Analysis

Volume of manure and wastewater entering into the lagoon depends on the type
and size of unit operation as well as the type of hquid waste handling system. It is
important to become familiar with all possible sources of liquids flowing into the lagoon
because they will determine the total load of wastewater.

Many complex liquid pathways must be taken into account to model both the
hydraulic and salt (EC) balance in the lagoon. Possibie input sources of wastewater from
different types of hog production facilities using single cell lagoons for waste treatment
and storage are illustrated in Figure 3.2,

Not all the waste generated inside the building enters the lagoon. The volume of
manure from the operational units changes if a solids separation process precedes the
lagoon. [f the manure is cxposed to solar radiation. the volume of manure will be reduced
by evaporation. Also, ¢vaporation may reduce the volume of wastewater from drippers
and misters before it drains into the underfloor pits or gutters. Therefore, the model users
should subtract these losses from the total calculated volume, otherwise the model will

overestimate the actual lagoon elevation.
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Figure 3. 2. Mass flow of liquids for hog farms with single-stage lagoon.
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A model based on a mass balance approach (Equation 3.1) was used to determine
volume mto and out of the lagoon on a daily tume step. This relation can be shown

mathematically as:

(dJ) = V(z/—!) + Vu! - II/-ml (32)

where V, is the volume at the end of the day (ft'), Vg, is the volume at the beginning of

the day (ft’), V,, is the volume entering into the lagoon (ft'), and V_, is the volume

oul

leaving the lagoon (ft’).

The volume flowing into the lagoon is divided into the following components:

V =MW+R+R, (3.3)

where MW is the volume of manure and wastewater (ft’), R is the volume of rain falling
directly on the lagoon surface (ft), and R, is the volume of runoff (ft’).

Likewise, the volume leaving the lagoon is divided as follows:

Vu =E, + T+ R+ S, (3.4)

where E, is the volume of evaporation (ft*), | is the volume of irrigation (ft’), R, is the
volume of recycled liquid (%), and S is the volume of seepage (ft’).
The model uses the equation for a rectangular lagoon to solve for the water level

at any time using the following procedure:

27



R 4 N ! .
V,— = wh[xfi+ sx ) (W+/) + j_t‘]z' (3.5)
i)

w=W = 2s%( (3.6)
[=1-2s*d (3.7)

AV =V, —V, (3.8)
ho=hy b M/) (39)
Ah = ABS(h = h,,_,) (3.10)

where W is the lagoon top width (ft), L 1s the lagoon top length (ft), s is the lagoon side-
walls slopes (fU/ft), d is the lagoon total depth (fi), b, is the lagoon operating level at
start of the day (ft), and h,,, is the lagoon operating level at the end of the day (ft).

Volume of the lagoon at the end of the day V,, is given in Equation 3.2. This
volume is compared with the volume at the beginning of the day V,,, and the difference
between the two volumes is used to calculate h; (Equation 3.9). Thus, the value of h, is
substituted in Equation 3.5 to get a new estimate ol V, called V.. When AV (now V,, -
V )is very small, h is equal to h. This procedure (Equations 3.5 to 3.10) is repeated until
Ah (Equation 3.10) is less than 0.0001 ft (h and h; are statistically identical).

Once the lagoon level has been determined, lagoon surface area, S,, 1s calculated

using the equation,

S, =wel+2s%h(w+ 1)+ ds'h’ (3.11)
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Daily Hydraulic Input

a) Ramfall
The rainfall volume, R, 1s the total amount of rainfall falling on the lagoon surface

and 1s calculated from,

R=PxS§, (3.12)

where P 1s the total daily precipitation (ft). Daily precipitation data are oblained from the

nearest Mesonet station or on-site rain gage.

b) Runoff

Rainfall may also enter fagoons as runoff from the freeboard area of the lagoon
sidewalls, building roofs, and land areas draining into the lagoon. Runoff from the
sidewalls and land areas is estimated using the Soil Conservation Service curve number
method (Schwab et al. 1981). The land areas are divided into soil, grass, and concrete
areas. Rainfall falling on roofs is assumed to flow directly to the lagoon. Datily runoff

was calculated using Equations 3.13 through 3.17:

R.=R*P+C*Q+D*Q+G*xQ+ R *Q (3.13)
P-02S5)
Qz(—),P>0.2S (3.14)
P+08S
83.33 (3.15)
= 0833 :
S N 8333
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SWA, =|(L+ Was 1]+ s + (s’ (3.16)

swA, =|(1, +1%,)2m/s* + 1|+ A sh i +(shy'] 3.17)
L, =L~(25*SD) (3.18)

Wy = W= (25%5D)) (3.19)

SD=d - (3.20)

R, = SWA, - SWA. (3.21)

where R, is the roof area (ft’), C is the concrete area (ft°), D is the dirt or soil area (ft), G
is the grass area (ft*), Q is the rainfal} excess (ft), S is the maximum soil water retention
after runoff begins (ft), CN is the curve number varying from 0 to 100, SWA, is the total
sidewalls area (ft’), SWA_, is the wetted sidewalls arca (ft’), L, is the length of the lagoon
at operational level (ft), Wy, is the width of the lagoon at operational level (ft), SD is the
depth above the operational hquid level (i), R, is the sidewalls runoff area (ft°). A
runoff curve number of 93, 88, and 85 was selected for the lagoon sidewalls, dirt and
grass areas, respectively.

The CN is no! constant; it might change because of abstraction from rainfall
dependent on the antecedent conditions that exist at the time a rainstorm occurs (Haan et
al., 1994). Three curves numbers have been defined based on 5-day antecedent rainfall.
The selected curve numbers is for antecedent condition JI which is the average value from
sample rain and runoff data. Table 3.1 gives the condition number for 5-day antecedent

rainfall for dormant and growing seasons (Schwab, 1981).
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Table 3. 1. CN for 5-day antecedent rainfall (in.)

Dormant Growing Curve
Season Season Number for
Condition
< 0.51] <).42 )
0.51-1.10 | 1.42-2.08 | I1
> 1.10 >2.08 | i

Curve numbers for antecedent conditions | and 1II can be estimated using the

following equations taken from Haan et al. (1994),

4.2CN
N, = 4 3.22
N, 10-0.058CN,, (3-22)
23CN
CN,, = i (3.23)

10+0.13CN,

where CN,, CN,,, and CN,;; are the curve numbers for antecedent conditions 1, 11, and I11,

respectively.

¢) Manure and Wastewater Volume
The total volume of manure and wastewater is broken into manure volume (M,),
liquid transport volume (L)), waterer or drinking channel volume (D,), and other volumes

(0O,), all with units of ft".

MW=M_+L +D +0, (3.24)
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Daily manure volume is calculated by the number of animals and the volume of
manure generated according to their classification. Data on the volume of waste from
different types and sizes of hogs are summarized in Table 3.2. Waste produced includes

both fresh feces and urine (Hamilton et al. 1997).

Table 3. 2. Volume of waste produced per animal.

Volume of waste per animal (f,)
Animal (A,) (ft'/day)
Boar (B) 0.13
Gilt (G) 0.13
Gestating and Sow (GS) 0.13
Sow and Litter (SL) 0.41
Nursery (N) 0.06
Growers (GR) 0.10
Finisher 125-175 (F775) 0.13
Finisher 175 - 250 (F250) 0.15

The total manure volume for any farm with different types of animals is

calculated using the following equation,

Mv = Z( Na * An */u] (325)

where N, is the number of animals, A, is the type of animal, and f; i1s the manure

produced (Table 3.2).
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d) Liquid Transport Volume

The transport volume 1s the daily volume of liquids required to flush gutters,
recharge pits, and clean floors. Farmers do not use a specific amount of cleaning water
every day; therefore, an average volume was calculated from the frequency of cleaning,
lime spent cleaning and the flow rate of cleaning equipment. The frequency of cleaning

and flushing should be known in order to calculate the daily transport volume.

P ww
L, =Z}‘/‘—+ZF.,*E, e (3.26)

r

where L, is the transportation volume (f"), n is the number of pits or flushtanks of a given
volume, P, is the volume used to recharge pits (ft*), F, is the frequency between recharges
(days), F, is the flush tank volume (ft"), F, is the number of flushes per day, WW, is the

washwaler volume (fU). and F is the frequency of clcaning (days).

e) Waterer or Drinking Channels Volume

Some facilities use drninking channels instead of automatic waterers. Drinking
channels are automatically controlled by timers. The mode of operation is per cycles of
fifteen or thirty minutes every two or one and a half hours. With this information the

operator can calculate the total hours per day that drinking channels are in operation.

D.=N,*R*H, (3.27)
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where N, 1s the number of channels, R 1s the rate of water used per channel (ft*/hr), and
H, is the hours used per day (hr/day). It is recommended to measure R, at the end of the
channel. If the flow rate is measured at the beginning of channel (e.g. distribution line),

the amount consumed by the amimal must be subtracted using the following equation,

R, =B, - F,;*0056 (3.28)

where, B; is the measured volume at the beginming of the channel (ft') and F, is the
amount of dry feed consumed daily (Ibs/day). According to NRC (1979), pigs drink

approximately 0.056 cubic feet of water per pound ol dry feed consumed.

f) Other Volume
This includes the volume of water used for evaporative cooling through misters

and drippers, water lost through broken pipes, and other sources of wasted water.

O, =(MI*R*H,)+(D*R*H,)+S, (3.29)

where M1 is the number of misters, R 1s the rate of water used per mister or dripper after
evaporation has been subtracted (ft'/hr), D is the number of drippers, H,, and H,, are the
hours used per day of misters and drippers, respectively (hr/day), and S is the leaks and
spillage volume (ft’). Wastewater evaporation from the misters is higher than drippers

because the surface area covered is larger in the misters.
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Daily Hydraulic Output
a) lmrigation Volume

Treated wastewater from lagoon supernatant is periodically removed for irrigation
of adjacent tand. The irigation volume, I, removed at any time is entered directly into
Equation 3.4 to calculate the new volume and depth of the lagoon. The irrigation

frequency and volume data were obtained directly from the farmer.

b) Recycled Liquids
Farmers often recycle the treated effluent back to the facility through the flushing
system to reduce fresh water usage and to decrease the total volume of lagoon storage.

The model uses the following reasoning to calcuiate recycle volume:

R, =P *PP + [ *PF, (3.30)

where R, is the recycle volume (ft'), PP, is the fraction of pit volume recycled, and PF, is

the fraction of flush volume recycled.

c) Secpage

Lagoon seepage is determined following Darcy’s Law. Darcy (1856), found that
the flow of water through a porous media, such as soil, is related to the head loss across
the porous media. USDA-NRCS (1993) uses the following equation to calculate specific

discharge rate from earthen lagoons:

35



h+d
d

(3.31)

where v is the specific discharge rate (cm/sec), k is the hydraulic conductivity (cm/sec),
and d is the thickness of the liner material (ft). The mode] uses a default value for d of
1.5 because this is the minimum recommended thickness for soil liners construction for
lagoon treatment systems.

The seepage of the lagoon 1s calculated by multiplying the cross-sectional area of
the flow by the specific discharge rate. The cross-sectional arca s determined from the
wetted arca at the lagoon operationa) tevel. Lagoon seepage is calculated using the

following equation,
S =W *v (3.32)
W, = [(L,_ W, )25 1 ]+ 4[mﬂm] + B, (3.33)
B, =w™l (3.34)

where W, is the wetted area at the operational level of the lagoon () and B, is the

lagoon bottom area (ft).

d) Evaporation
Anaerobic lagoon evaporation was estimated by the combined aerodynamic and
energy balance method developed by Penman (1948). This method combined compo-

nents to account for a supply ol radiation energy and a mechanism required to remove the
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vapor away from the immediate proximity of the evaporation surface. The original
equation uses an empirical hneal equation for wind. which in practice accounts for the
ability to transport vapor away from the surface. Researchers have adapted a more
theoretical vapor transfer function based on a wet surface with zero resistance to vapor
transfer (Jensen et al., 1991). The resulting equation to estimate evaporation from a water

surface is:

A (R - 0622k p u,
[ ] GJ }/ pnu., (B_J—E’) (335)

E= +
d+y\ Lp. Ad+y 2\
po,|In| —=
ZU

where E is the evaporation rate from an open water surface (mm/day), 4 is the gradient of

the saturated vapor pressure curve (Pa/°C). y is the psychrometric constant (Pa/°C), R, 1s
the net radiation (MJ/m'd), G is the sensible heat exchange from the water (MJAn’d), 1, is
the latent heat of vaporization (J/kg), p,, 15 the water density taken as a constant value of
997 kg/m". k is the von Karman's constant (k = 0.4), p, is the air density (1.19 kg/m"), p
is lhe atmospheric pressure (101.3 kPa), u, is the wind velocity measured at height 2,
(m’s), z,, is the roughness height (.003 cm)(Brutsaert, 1982), e, is the saturated vapor
pressure (Pa), and e, is the actual vapor pressure (Pa).
The slope of the saturation vapor pressure curve, A, is usually calculated at the
mean daily temperature (Chow, 1988).
4098¢,

A= _. (3.36)
(2373+7)
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where T. is the air temperature in °C.
The psychrometric constant, y, represents a balance between the sensible heat
gained from air flowing past a wet bulb thermometer and the sensible heat transformed

into Jatent heat (Chow, 1988),

_ Gr (3.37)
T 06221,

4

where C is the specific heat of moist air at constant pressure (C, = 1005 J/kg K).

The latent heal transter is the dominant causc of intcrmal encrgy change for water
(Jensen et al.,, 1990). The latent heat of vaporizauon varies slightly with temperature

changes according to,

[, =2501x10" - 23707, (3.38)

i.  Energy Balance Method

Energy balance considerations largely govern the evaporation rate {rom large
open water surface areas (Chow, 1988; Jensen et al. 1990; Jones, 1991). The main source
of heuat energy is the solar radiation {R)) which supplies the energy input for the latent
heal of vaporization 10 an open water surface. The source of heat energy in the water is
the net radiation (R,) which requires measurcments or estimates of both incoming and
reflected short wave radiation and net long-wave radiation (e.g. incoming and outgoing

solar radiation) (Jensen, 1991). When solar radiation strikes on the water surface, it 1s
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either reflected or absorbed. The portion of the incoming radiation that is reflected back
by the water surface into the atmosphere is measured by the albedo (o) with values
ranging between 0 and 1. Part of the solar radiation that is absorbed by the water surface
1s emjtted back as long-wave radiation.

It is possible to estimate R, from R, since R, is the net input of radiation at the
surface, that is, the difference between short-wave and long-wave components of the

radiation,

R, =(1-)R, - R, (3.39)

where (1-o)R; 15 the radiation absorbed by the water and R, is the radiation emitted
(MJ/m*d). Measurements of albedo number for decp waters was used in the model to
calculate R,. Albedo values for deep water range between 0.04 to 0.08 (Brutsaert, 1982).
A default albedo number of 0.05 was chosen for the model.

The net long-wave radiation for clear skies or for partly cloudy conditions can be
adjusted from solar radiation data as shown in the following cquation (fensen et al.,

1990).

R,,=La ’+b}]€b“ (3.40)

where R, is the net long-wave or thermal radiation for cloudy conditions (MI/m’d), R, is
the net outgoing Jong-wave radiation on a clear day (MJ/m*d), the coefficients a and b are

given in Table 3.3, and R, is the solar radiation on a cloudless day (MJ/m*d).



Table 3. 3. Coefficients for net long-wave radiation.

Region a b
hurmid area 1 0
and arca 1.2 -0.2
semi-humid area [ -0.1

The coefficients a and b are determined for the climate of the region of interest.
This set of values for each region was considered in the model since the climatic
conditions 1in Oklahoma vary from the humid southeast to the dry northwest Panhandle.
Jensen et al. (1990) recommends these coefficient values for these three types of climatic

condinons. Estimates of R, by month and latitude are given in Table 3.4.

Table 3. 4. Meun solar radiation for cloudless skies (R.,) for Oklahoma.

Jan | Feb Mar\Apri( May | June | July | Aug | Sept | Oct | Nov | Dec
14.95(19.55]24.58129.31|32.11(33.49|32.95|30.1425.25{20.52( 15.91 | 13.52

The net outgoing long-wave radiation on a clear day can be estimated by the

Stefan-Boltzmann law,

R, =€aT; (3.41)

Do

where ¢ 1s the net emissivity of the surface, o is the Stefan-Bolzmann constant (4.903 x

10” MJ m~ d'K™), and T, is the temperature in degrees Kelvin.
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The net emissivity, €, was calculated using the [dso-Jackson equation (Jensen et

al., 1990),

£=-002+ 0.26]exp[— 7.77:107(T.) ] (3.42)

Values of energy storage are usually neglected when dealing with smatler periods
of tine but may be significant over longer periods. [t is expected that G will regularly
change due to changes in net radiation. Therefore, the energy storage in the lagoon can

be approximate during each month by the following expression,

G, =R,*/. (3.43)

where G is the energy storage (MJ/m*d) and f, is the energy storage factor (0 < f, < 0.5).
Values for f, were adjusted during the model calibration (Chapter 4) and the results arc

given in Table 3.5.

Table 3. 5. Adjusted f,_ for lagoon evaporation.

Jan | Feb | Mar | April | May | June | July | Aug | Sept | Oct | Nov | Dec

040 | 038 | 036 | 0.32 | 0.30 | 0.24 | 0.12 | 0.10 | 0.05 | 0.01 | 0.05 | 0.30
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1. Aerodynamic Method

The second factor controlling the evaporation rate from an open water surface 1s
the ability to transport vapor away from the surface (Chow. 1988; Jensen, 1991). The
transport rate is governed by the humidity gradien! in the air near the surface and the

wind speed across the surface (Penman, 1948). The saturation vapor pressure, e, is the

as?
maximum moisture content the air can hold for a given air temperature, Over a water

surface, the saturation vapor pressure is related to the air temperature (Penman, 1948). A

convenient expression for estimating saturation vapor pressure (e, ) is (Chow, 1988):

17.27T, J

POv (3.44)
2373+T

e, =06l ]exp[

The actual vapor pressure (e,) i1s calculated trom relative humidity data. The
retative humidity (R,) 1s the ratio of the actual vapor pressure to its saturation value at a

glven air temperature.

e, = R,*e_ (3.45)

The required climatic data for the evaporation equation obtained from Mesonet
stations includes solar radiation (R)) , air temperature (T,). relative humidity (R,). and
wind speed (u,). Evaporation losses from the lagoon surface are calculated by

multiplying evaporation obtained from Equation 3.35 times the lagoon surface area, S,.

E, = E*S %1, (3.46)
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where E, 1s the volume of liquid evaporated from the lagoon (ft*) and t_ is a conversion

factor equal to 3281 x 10

3.3 Electrical Conductivity Balance
A daily tme siep model was developed 1o balance the electrical conductivity
measurements in the lagoon supemnatant. Total EC was treated in the same manner as a
single inorgaruc salt in order to calculate the mass flowing into the lagoon; thus, the units

of EC (dS/m) were substituted with mg/L.

ECM) = ECM—U +EC, - EC,, (3.47)

where EC, is the mass of EC in the supernatant during the day (lbs.), EC,,, is the mass

of EC at the beginning of the day (Ibs.), EC,, 1s the mass of EC entering into the lagoon

m

(Ibs.), and EC,, is the mass of EC leaving the lagoon (1bs.).

ol

Daily EC Input
The mass of EC that enters to the lagoon is a function of the soluble inorganic

salts from the manure (EC,,) and the contribution fromm fresh water (Ec,):

EC, = EC, + EC,, (3.48)

m

The first step in developing EC_ was to correlate the EC of the tagoon supematant

with inorganic salts in the feed found as soluble in the supematant. The cations making
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up these inorganic salts are sodium, calcium, potassium, and magnestum. A regression
equation was developed from the correlation analysis to estimate the EC,, loading to the
lagoon.

Supematant samples from the lagoons at the OSU Swine Research Center and at
the validation sites were analyzed for sodium, calcium, potassium, magnesium, and EC
(Table F.1). A statistical analysis was performed to determine the correlation between
the four cations and the supematant EC. Among the four cations, potassium had the
greatest correlation with EC, followed by sodium, magnesium, and calcium. All possible
combinations were analyzed to determine any signtficant difference among them. The
coefficient of determination (r’) in Table F.2 indicates that higher correlation with EC
exists when two and three cations were combined (r = 0.94). The regression equations of
the combinations with the highest I’ are given in Table 3.6. The sclection of the equation
for estimating EC Jjouding depends on the avaifability of the feedstuff composition

required to estimate the sotuble portion of these cations in the lagoon supematant.

Table 3. 6. Regression equation of EC versus soluble cations (mg/L).

\ Equation for EC estimation r Equation No.

| -6.15 + (C,*0.07) + (M,*-0.013) + (K*0.01) + (Nu*0.01) 0.94 3.49
-6.93 + (C,*0.07) + (Na*0.013) + (K*0.01) 0.94 3.50
-5.35 + (C,*0.06) -+ (M *-0.017) + (K*0.01) 0.94 3.51
2622 + (C,*0.06) + (K*0.01) 0.03 352
26,04 + (C,*0.08) + (M_*-0.01) = (Na*0.03) 0.0) 3.53
-7.62 + (C,*0.08) + (Na*0.01) 0.91 3.54
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The total mass of Na’, K', Ca and Mg entering into the lagoon can be
estimated if the composition of the feedstuffs in the diets, the number of animals, and the
pounds of feed consumed are known. If X 1s any of the four cations, then the daily mass

of cations entering the lagoon can be calculated using the following equation:

e 3.55
XI:ZFJ*R*‘/VU ( )

ig
where X; is the mass of cation i in feed (1bs), ig is the type of ingredient, A, is the type of
animal, F 1s the daily dry feed intake per animal (Ibs/day), P, i1s the percent of cation / in
the dry feed, and N, is the number of animals.
The percent of cation £ in the dry feed, P, of only those feedstuffs used in the diets
involved in this research are given in Table 3.7. For a complete list of ingredients please

refer to NRC (1979) or Feedstuffs (1994).

Table 3. 7. Inorganic salt content in feed ingredients.

Ingredients Intemmational | Ca™ Na' K’ Mg
Food Number | % Y% Y% Yo
Bio-phos 16 0.05 0.06 0.5
Calcium Carbonate 38 0.06 0.06 0.5
Dicalcium phosphate 20 0.08 0.07 0.6
Corn Yellow 4-02-935 0.01 0.03 0.33 0.15
Com-ground 4-02-849 0.04 0.01 0.45 0.13
Soybean meal 48% 5-04-612 0.2 0.04 1.9 0.27
Rice bran 4-26-201 0.1 0.07 1.35 0.95
Wheat middlings 4-05-205 Q.15 0.6 0.6 0.29
Fish Meal 5-02-009 S 0.34 0.72 0.14
Whey, dried 4-01-182 0.87 2.5 1.2 0.13
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The solubte mass of / that flows into the lagoon, S,, is estimated from literature-

based values.

S =X *y+o (3.56)

where y; 1s the percent of feed cations excreted in the waste and o, 1s the soluble fraction
of individual cation in lagoon supernatant. Values of vy, and o; are given in Tables 2.1
and 2.2, respectively.

The soluble cation concentration (C,) used in the selected regression equation

from Table 3.6 1s calculated as follows,

C=-" (3.57)

where C, has units of mg/L and 1 is a scaling factor equal to 15,993 mg/).
The mass of EC that enters to the lagoon and remains in the supernatant is

estimated by,

EC*M
EC =——

. (3.58)
{

where EC,, is the mass carryover from the waste (Ibs/day) and EC is the result from the
selected regression equation (mg/t).

The mass of EC,, can be estimated by measuring the EC of fresh water, which
takes into account the soluble salts. Therefore. the soluble mass entenng to lagoon is

calculated as follows:
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EC, = (3.59)

where EC, has actual units of dS/m, but is tnput as mg/L.
The supematant EC, EC, is calculated using the volumc of the tagoon and the EC

at the end of the day:

C,t

ted)

EC, = (3.60)

d)

where EC, has units of dS/m.

Daily EC Qutputs
The sole method of EC output considered by the model is removal through
irrigation. The removal of EC through pumpdown of the lagoon liquid fraction is given

by.

_IEC,

wat

(3.61)
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CHAPTER 4

MODEL CALIBRATION

4.1 Description of the Calibration Site

The model was developed and calibrated using operational and management
information, and lagoon characteristics of the OSU Swine Research Center located in
Stillwater, Oklahoma. The facility is pnmary used by OSU’s College of Veterninary and
the Amimal Science Department to conduct physiological and nutritional studies.
Throughout the years the facility has undergone numerous physical changes caused by an
increase in the number of hogs produced. This Increase caused an expansion in the
number of buildings and in the size of a single-sltage anacrobic lagoon. Manure and
wastewater generated in the operational units of the facibity are collected in several
different types of waste collection systems which include pits, gutters and scraped floors.
From the coliection systems the manure and liquids are transported by gravity (o the
lagoon. Lagoon effluent was not recycled or land applied during the research period
(summer 1996 to summer 1997). A more detailed description of the factlity is given in
Appendix A.

Several advantages of using this facility for the model calibration were: the easy
access to operational information from the facility manager. routine inspection of the
waste handling systems, periodic observation of lagoon hquid level, clectrical
conductivity measurements, and ramn gage data. and the vicmnily of the Mcsonet Station

located at the OSU Agronomy Farm less than one mile north of the swine bam.
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Unit Size and Waste Collection Management

There are a total of five operational units including three confined and two semi-
confined buildings. A total of 370 confined animals are located n the nursery, farrowing
and growing units, and 416 semi-confined animals are Jocated in two finishing floors
(Figure A.1). An additional 200 gestation sows are housed on pasture which runoff is
diverted from the tagoon. Only waste generated in the confined and semi-confined units
is considered 1n the mode]} calibration. Additional volume sources are the runoff from a
small soil area and from the semi-confined unit.

Different building sizes and waste collection methods are used in the confined
unit. Each unit was carefully inspected with the facility manager to gather information on
the number of animals and the operation and management of the wastewater throughout
the system. An overall inspection of the research farm was conducted on June 2, 1996.
The number of animals by type and the daily amount of manure produced are given in
Table A.1.

The nursery unil has four rooms with an average population of 168 pigs weighing
35 pounds. Manure and wastewater are collected n two under-slat-floor pits per room.
The top dimensions of the pits are 4.92 feet wide by 28 feet long with a longjiudinal
bottom slope of 0.4% (Figure A.2). The pits’ concrete bottom is sloped toward a small
deep gutter. A free board of two inches is lefl between the alley floor and the maximum
accumulated manure and wastewater level.

Only three rooms are used on the average. The fourth room is left idle for
disinfection before receiving the weaning pigs. The pits used in this facility are “pull-

plug”™ types which require the operator to manually drain the pits. The frequency of
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pulling the plugs and recharging the pits with {resh water is every one and a half weeks.
Water used to clean the alleys and wasted feed are collected in the pits.

An on-line water meter was installed before the distribution of water to the
nursery rooms to determine the amount of fresh water used to recharge the pits and to
clean the floors. Meter readings were taken from January 14, 1997 to July 18, 1997
(Table A.2). During 186 days the volume of fresh water used to recharge the pits and
clean the floors was 47,120 gallons, thus the daily usage was 34 ft'. The recharged
volume was calculated from the top pit dimensions and a half inch of water added after
drainage. Since there are two pits per room, the pit capacity for recharged liquids and for
accumulated wastewaler ts 33 ft' and 69 It', respectively.

The farrowing unit has two narrow rooms with a maximum number of 25 sows
and litters. Manure and wastewater are collected on the sloped floor with a long gutter in
the south side. The guitter allows the continuous drainage of urine to the lagoon. The
concrete floor is periodically scraped and it is entirely cleaned with hose water every
month.

The growing building houses up to 200 hogs. Manure and wastewater are
collected in slatted floor gutters. Two gutters on each side of the building are
automatically flushed twice per day with fresh water. A fiber glass flush tank with
capacity of 840 gallons 1s used to flush each gutter. Flush water is collected in a small
sump located at the discharge end ol the flushing yutter. From the sump the waste drains
by gravity to the lagoon. Daily volume of flushwater required 1o clean the gutters s 224

fi'.
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There are two finishing units located nearly the lagoon with a total capacity of 410
finishing hogs. The southwest unit (#5 in Figure A.1) is larger with a total area of 4,782
fi’ and a total of 238 hogs weighing more than 175 Ibs. The unit located in the southeast
is smaller with a total concrete area of 1,216 fi*. It houses 172 hog weighing between 125
to 175 Ibs. The southwest and southeast units will henceforth be known as finishing 1
and finishing 2, respectively. Waste from these semi-confined open concrete lots is
manually scraped and washed with 2 water hose full opened twice per week. Other
sources of wastewater from these units includes liquids from the misters and runoff from
the concrete floor and building roof. Manure and wastewater are collected in a gutter
located in the lower end of the concrete floor, from which they are transported by gravity
to the lagoon.

The daily volume of waste produced in finishing 1 and 2 may be lower than that
given by Hamilion et al. (1997) for tinishing hogs. When the manure i1s accumulated in
the concrete floor and exposed to outdoor environmental conditions, ambient factors such
as solar radiation and wind will considerately change the manure composition, cspecially
the moisture content. Researchers have found that the percent of moisture in manure (s
about 92 percent on an as-is basis but much lower when the manure is exposed (o sunny
conditions. Therefore. a conservative factor of one third was applied to the manure

volume factor for finisher hogs in Table A.1L.

Wastewater Loading
The sources of wastewater found during the inspection were the fiquids from the

misters and washout water used to clean the units.  Drinking water in all units ts
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controlled by automauc waterers which minimizes the amount of wasted freshwater. The
flow rate of each water hose located in every unit was measured with a five-gallon
bucket. The frequency of cleaning and the operational timing of the mister was obtained
form the facility manager.

There are 29 misters in the finishing units that normally work during summer or
when the air temperature reaches 85 °F. The timing and operation of the misters is
manually controlled and operated up to five hours per day. The pipe that supplies water
to the misters is connected to the same water hose used for cleaning, but the flow rate is
controlled to avoid excess of wasted water. However, several misters in both units are
broken, producing a larger volume of wastewater. Five misters from each unit were
selected o determune the average flow rate. The average flow rate mcluding both units
was 5.7 gallons per hour. Thus, the daily volume of water from the misters is 110.2 ft'.

Some amount of water is evaporated from the concrete floor before it reaches the
lagoon. Based on an average evaporation value during summer of ().20) inches and an
effective wet area of 4,000 ft*, the amount of wasted water that enters to the lagoon is
reduced to 77 ft’ or 30 % of the previous amount.

Washout water was determined from the frequency of cleaning and the hose water
flow rate when full opened. The information regarding the frequency of cleaning and the
time spend cleaning was provided by the facility manager. The average flow rate in each
unit and washout voluimnc is given in Table A.3.

According to Table A.3, a total of 62 ft' of frcsh water is used daily to hose down

waste from the concrete floors. A large amount of water is used to clean the nursery and
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the finishing | units. Washout water from the nursery room was determined by
subtracting the pit recharge fresh water to the average wasted volume from Table A.2.
The frequency of cleaning the farrowing and finishing units are once every month for 8
hours and twice per day for one hour, respectively. A summary of all the daily

wastewater loading for the unit operations is given in Table 4.1.
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Table 4.1. Manure and wastewater volume iputs for OSU Swine lagoon.

Manure Volume
Animal

Boar

Sow + Litter

Nursery

Grower 5¢) - 125 1bs
Fmisher 125 - 175 lbs
Finisher 175 + ibs

Flushwater
Tank
1

Pit Recharge Water
Tunk

]

2

3

Washout Water
Unit

Farrowing

Nursery

Finisher 125 - 175 Ibs
Finisher 175 + Ibs

Misters
No. of misters
29

No of each Vol Waste (ft3/day-hd)
5 0.13
22 .41
168 0.06
18] 0.10
172 0.04
238 0.05

Total manure volume

Vol. of tank Frequency of Flush

840 gal. 2 days

Vol. of tunk Frequency of Pulling

33 fi' 10.5 days
33 ft° 10.5 days
33 ft? 10.5 days

Total pit recharge volume

Total washout water

Water use Frequency (hr/day)
4 gal/hr 5

Total Manure and Wastewater Loading

Total (fi3/day)
0.65
9.02
10.1
18.1
7.45
12.0

57.3

Total (/1‘3/day)
224

Total (13 /day)
3.14
3.14
3.14

9.42
Totul (ﬁ-g/day)

9

25

7

21

62

Total (f13/day)
77

430 ft’/day
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Lagoon Survey

The purposes of the lagoon survey were to deterrmune the actual top dimensions of
the lagoon, the lagoon’s depth and sludge depth. To accomplish this task, it was required
to use several tools and instruments including surveying equipment, a sidewinder (lagoon
sampler), a T-probe (depth), and a boat. The surveying equipment, lagoon sampler and
the boal were available at the OSU Biosystems and Agricultural Engineering Laboratory.
The T-probe was built in the laboratory.

The survey equipment used dunng the research was taken from the Biosystems
Enginecring Shop. The sidewinder, built 14 years ago, was used to take representative
samples of one liter of sludge or supernatant from any desired depth in the lagoon. The
sidewinder sampler functioned in excellent fashion taking discrete saniptes of supernatant
and sludge (Hamilton and Rosser, 1994). The T-probe with scale of a hundredth of a foot
was built with angular aluminum of 0.5 inches to each side and a longitudinal distance of
25 ft. The T-probe was built in three sections to allow handling during the transportation
to the facility and on the boat. The sidewinder mechamsm and T-probe are based on a
design developed at Clemson University to study sludge characterization of different
lagoons (Barth and Kroes, 1985).

A 10-foot aluminum boat was used to collect depth data and supernatant samples.
A wood base was built angd installed on the back of the boat to support the sidewinder.
Two snap links were installed in one side of the boat, one located in the front and the
other one in the back. The snap hnks were used to slide through a 3/8-inche rope to
facilitate the linear movement across the lagoon. A wing nut was installed in the middle

of the boat to tighten the rope and maintain the boat’s position more stable dunng
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sampling. The rope was marked every ten feet to record the location of the samples and
the depth measurements. When the boat was in operation, the person in the back of the
boat operated the T-probe and the sidewinder while the other person recorded data and
balanced the boat.

The single-cell anaerobic lagoon consists of two lagoons connected together by
removing the bank between them, resulting in an “L” shaped lagoon as illustrated in
Figure A.l. The first single-cell lagoon was excavated in early 1940 and had top
dimensions of 190 feet wide by 190 feet long by 13.5 feet deep with a 3:1 (horizontal :
vertical) side slope. Ower the years the facility increased its operation, thus loading rate
increased to a point which exceeded the lagoon capacity. In 1992, a new lagoon was built
adjacent to the existing lagoon. The new lagoon area has a top width of 301 feet and
length of 185 feel with side slopes of 3:1. The original lagoon with an surface area of
0.72 acres was expanded to 2 acres, with an effluent storage capucity of 48 acre-in.

The lagoon was surveyed on May 17, 1996. The top dimensions of the lagoon are
given in Figure A.3. The bench mark was located in the southeast corner of the finishing
| unit. The elevation survey data of the lagoon and an illustration of the areas surveyed
are given in Table A.4 and Figures A4 and A.5. The lowest point of the lagoon
embankment is located in the northeast side of the lagoon and has a height of 13.5 fi from
the bottom of the lagoon. Differcnt areas around the top of the embankment were
surveyed to determine the 1otal depth of the lagoon which is 15.30 f1.

The lagoon was divided into five transects to determine the lagoon and sludge
depth every 10 feet from offshore and to measure the electrical conductivity of the

supematant (Figure A.4). These transects were located at 0 + 50 ft, 1 + 00 ft, { + 75 ft, 2
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+ 75 f, and 3 + 25 ft from the east side of the lagoon. The measured elevation data of
each transect are given in Tables A.5 to A.9 and are summarized in Table A.10.

A finding during the survey was the presence of a small dam of approximately
4.02 ft ugh between the existing and new lagoon (Figure A.S). Apparently the west bank
of the existing lagoon was not completely removed during the construction. Therefore, if
the water level drops below 4,02 ft, the lagoon 1op will exhibit twa separate rectangular
lagoons with different dimensions.

According to Table A.10, between 3.20 fl to 3.12 ft of sludge thickness was
measured in the first two transects of the original lagoon. Since both outfalls are located
in this section, the dam will retain most of the incoming solids, allowing small amounts
of lighter particles to be deposited on the bottom of new lagoon. These two sides of the
Jagoon will henceforth be known as the sludge and clear sides.

A second lagoon survey was performed on May 26, 1997 to determine the new
sludge depth and to measure the electrical conductivity. Two transects, one in the sludge
side and one in the clear side, were located at 0 + 66 ft and 2 + 54 1 from (he east bank.
Depth measurement and average values are given i Tables A.11 to A.13. The sludge
thickncss in the sludge side was higher than the previous measurement. A summary of
the sjudge thickness for 1996 and 1997 is presented in Table A.14. Dunng 375 days of
operation the sludge thickness increased 1.11 ft and 0.17 ft in the sludge and clear side,
respectively.

Studge volume from the lagoon bottom flat and side slopes was calculated from a
modification of Equations 4.5 and 4.7. The average sludge thickness value from the side

slopcs and from the bottom was used to calculate the total volume of sludge. Side slopes
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sludge thickness data are given in Table A.15. An effective side slope depth of 7 ft and 8
ft was used to determine the side slope area where sludge is accumulated. Not much
sludge was accumulated on the side banks of the clear side. The calculated siudge
volume on both sides during the research period was 35.304 fi’ as given in Table A.16.
The sludge accumulation rate was calculated based on 375 days of operation and a
daily total solids production of 593.08 Ibs TS (Table A.1). Based on this information the
accumulation rate is calculated as 0.1587 ft/lb TS-d. This value is much higher
compared with the average accumulation rate of 0.0486 ft’/lb TS-d found by Barth and
Kroes (1985) for swine operations. One factor that could have led to this higher rate of

sludge accumulation is the runoff loading from the dirt or soil area (Figure A.1.).

4.2 Development of Equations for the Hydraulic Balance
Severa) equations were specially developed for this lagoon because of the unique
shape and fixed dimensions. Two details were considered to develop the equations: a)
The presence of a small dam between the existing and the new tagoon, which yields less
available storage for liquids and the presence of two lagoons if the water level is below
402 ft and b) A fixed ruonoff arca above the lowest embankment. The developed
equations were used to calculate the lagoon volume, surface area, and sidcwalls area. The

following is a description of how these equations were developed.
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Lagoon Volume and Surface Area

The lagoon was divided into three areas to determine the surface area and the total
volume (Figure A.6). The dotted lines divided the lagoon bottom into three rectangular
sections. The dam was not included in the equation that calculate the overall volume
capacity.

Equations 3.6 and 3.7 were used to calculate the bottom dimensions with two side

slopes. For single side slope the following equations were used:

=1 -s+d (4.1)

w=W-sxd (4.2)

The area of the three rectangular bottom sections are given in Table A.17. These
equations were developed using a total lagoon depth of 15.30 feet. The surface area of
the lagoon was determined by summing the area of each rectangular section from Table

A.17, resulting the following equation:

SA  =42324 + 3066h + 45h° (4.3)

where SA,, is the surface area of the lagoon (ft'). The integration of this equation gives

the total lagoon volume of the lagoon without the dam.

VOL, = 42324h +1533h" + 15h' (4.4)

where VOL,, is the volume of the lagoon (ft*).
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To estimate the volume of the dam, the lagoon was divided into the existing and
the new lagoon resulting two rectangular sections, as illustrated in Figure A.7. Table
A.18 shows the surface area cquation developed for the two rectangular sections. Both
equations were combined and integrated to determine the volume of the lagoon at 4.02 ft

hgh.

VOL,,, = 34688h+1506h" + 24k’ (4.5)

where VOL,,, is the volume of both lagoons (ft*).

The volume occupied by the dam was estimated by subtracting Equation 4.5 to
4.4 at h equals to 4.02 ft, resulting a votume of 30,549 ft' (195,891 ft' - 165,342 V).
Therefore, the equation used in the model to calculated the actual volume of the tagoon at

any depth above 4.02 ft 1s:

VOL, = (42324h + /533h° + /5h") - 30549 (4.6)

Plots of the volume and surface area of the lagoon versus depth (Equations 4.3
and 4.6) are given in Figures A.8 and A.9. A minimum of one foot of freeboard, one foot
of a 25-yr, 10 days storm and 0.5 ft of runoff depth is included above the maximum
operating level. The maximum volume capacity and surface area of the lagoon at 13.5 f
is 857.120 fi* (236 acre-in) and 90,000 fi* (2 acres). respectively. The actual treatment
volume of the lagoon is 83 acre-in, which is 57 % over the mimimum recommended

treatment volume. This reduction was determined using the NRCS design standards of
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2.75 lbs. VS/1000 ft'-d for volumetric loading rate for “reduce odor” lagoons in

Stillwater, Oklahoma.

Sidewalls Area
Equations 3.16 and 3.17 were modified to estimate the sidewalls arca. The
modification included the number of sidewalls of the lagoon which for this L-shaped

lagoon is six instead of four sides.

SWA=((632%h)(W, + W, + L, —(18*h)))+(3*h*((h* +(3*h)’ )" )5 (4.7)

W, =1692—(6*%5D) (4.8)
W,=2492-(6*5D) (4.9)
L, =2442-(6*SD) (4.10)

SD=135-h (4.11)

The seepage area was calculated by adding the bottom flat area of the lagoon

(42.324 %) to Equation 4.7.

Runoff Area

The lagoon receive runoff volume from four areas. These areas are the roof and
the concrete floor from the two finishing units (Figure A.1), the soil area located between
the finishing units, and the lagoon sidewalls above 3.5 ft. Runoff from the roof and the

concrete floor 1s collecied 1 a deep gutter which drains to the lagoon. Runoff from the
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dirt area drains into the cleanout pipe of the main drain line located underground (Figure
A.1). All these areas were carefully measured before inputted in the model (Table A.19).
The fixed runoff area of the bank sides above 13.5 ft was determined by

modifying the Equation 4.7:

SWA=((632¥h)(W, + W, + L —(18*h)))+(3*h*((h' +(3%h) S ))6 (4.12)

where W, W, and L. are the dimensions of the lagoon at a height of 15.30 ft and 13.50
(Table A.20). The difference between both arcas is the estimated runoff from the

sidewalls area.

4.3 Hydraulic Balance - Calibration Overview, Adjusted Parameters,
Process, and Results

Calibration Overview

The hydraulic model requires two different types of inputs: operational
information and weather data. Operational information was subdivided into three arcas:
manure and flushwater volume, washout water, and lagoon information. The weather
data were used to determine the rainfall and runoff entering and evaporation leaving the
lagoon. Operational imnformation was carefully analyzed before running the model.

Given the number of animals per umit, the model calculates the total volume of
manure generated daily 1 the facility. The flushwater volume and washout water
determine how much fresh water was used as the mechanism for manure transportation to

the tagoon and for cleaning. Researchers have found that for most unit operations in
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which flush tanks or pits are used for waste handling. the ratio between excreted manure
total solids and wastewater total solids before entering into the lagoon is approximately
10:1. According to Table 4.1 the influent total solids concentration is slightly above 1%
during daly operation, but this will not affect the treatment performance since the lagoon

treatment volume is sufficiently large to dilute incoming waste.

Weather Variables

Weather data used for the model calibration were obtained from the Oklahoma
Mesonetwork (Mesonet) which is an extensive network of automated weather stations
deployed across the state of Oklahoma (Brock et al., 1995). The Mesonet weather
stations collect continuous readings, summarized every five minutes and reported at 15-
minute intervals to the Oklahoma Climatological Survey located at the University of
Oklahoma. Data are analyzed to provide average daily values of a vanety of weather
parameters for the disscmination to users via a computer bulietin-board system and over
the Internet. A list of the weather vanables used in the hydraulic model is given in Table

4.2,

Table 4.2. Weather variables used in the model.

Variable Symbol Height of Units
measurement
Air Temperature T, 1.5m °F
Humidity R, I.5m
Wind U, 0.5m mph
Precipitation R 2m mche
Solar radiation R, 2m MIm?
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All weather data were available during the period of the research. Although the
Mesonet provides precipitation data, a plastic rain gage was installed on the lagoon bank
but no significant statistical differences were found between both gages: therefore, only
precipitation data from the Mesonet was used for the model cahbration. The daily
weather data was converted mto a database format which is used by the computer mode]
as input weather data. This database contains weather data from 1994 to 1997 for all the
sites involved in this resecarch. A computer program using Basic language was used for

the development of the weather database file.

Adjustable Parameters

The following parameters were adjusted during the calibration process: 1) the
energy storage factor of the evaporation equation, 2) the hydraulic conductivity of the
seepage equation, and 3) the SCS curve number for the runoff potential. The model was
calibrated against the lagoon liquid level observations. A predicted liquid level between

* 2 inches of the observed liguid level was used as baseline for the calibration process.

a. Evaporation Equation

Evaporation from the lagoon surface cannot be directly measured but can be
estimated if sufficiem weather data from the location are availauble. The equation used for
estunating lagoon evaporation was the combined aerodynanuc and energy balance
method developed by Penman (1948). Numerous researchers have modified the original

combined equation because 1t requires too many variables, most of which are weather
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dependent. However, the combination method gives reliable evaporation estimates when
all the required data are available (Chow, 1988).

Although the combination method has many parameters, most of their values
were taken from literature or calculated as described in Chapter 3. The incorporation of
the energy storage factor (f,,) into the energy equation was considered the most important
parameter to adjust in the evaporation equation. A factor value in the range of 0 to 0.50
was given to each month based on the energy gain or loss from the lagoon surroundings.
A description of how this factor was obtained is described in the model cahbration

procedure.

b. Runoff - SCS Curve Number

The most important parameter when determining the runoff volume is the SCS
curve number assigned which leads to the runoff potential from a predetermined area. All
the areas in the farm susceptible to runoff were measured or estimated previous to
running the model. A runoff curve number (CN) of 95 was selected for the inner lagoon
sidewalls, soil, and grass areas. A CN of 100 % was used for the roof and concrete areas.
The final SCS curve numbers assigned to each areca were detenmined in the model

calibration procedure.

c. Seepage Equation
The hydraulic conductivity was the last variable in the model adjusted. Duning
the calibration process, values in the range of 10" 10 10° cm/sec were tested. It was

assumed that the hydraulic conductivity had reachcd a lower value due to the years in
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operation, and that remained constant during the simulation period; therefore, a constant

hydraulic conductivity within the above range was used for mode) calibration.

Calibration Process

The first adjusted parameter in the model was the energy storage factor, because it
only required the weather database and the observed Class A evaporation pan data. In
order to conduct this calibration it was not required to run the program. This proccdure
was accomplished using a spreadsheet.

Pan evaporation data were obtained from Climatological Data for Oklahoma
(NOAA, 1995 and 1996) for the wcather observing site located at the OSU Agronotny
famm. Equation 3.35 was used to estimate the evaporation during the summer 1995 and
1996 with energy storage set to zero. The results were compared with the observed pan
evaporation data times a factor of 0.70 for lake evaporation. In both years the results
from the evaporation equation overestimated the lake evaporation. Thus, f, was
increased unti] the estimated evaporation was comparable to the lake evaporation (¥ =
0.95). Then adjusted fsp was incorporated into the hydraulic model to adjust other
variables.

The second parameter of the hydraulic model adjusted was the SCS curve
number. The facility operational data and lagoon mfornmation were tnput into the mode)
to calculate the lagoon clevation between rainfall events. It was run for the same period
used to adjust the f but with the default CN for each area. The model was run during
rainfall event no longer than three days to compare the peaks causcd by predicted and

observed rainfall events. The results of the first run, which includes several rainfall
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events, gave higher peaks for all the events, thus the CN was too high. CN for areas
contributing more to runoff was decreased. The model was run again, and the results
were compared. This procedure was repeated several times until the predicted peak was

close to the observed data. The final CN, used in the model are given in Table 4.3.

Table 4.3. Adjusted SCS curve number.

Runoff Area Adjusted Expected
CN CN'

Roof and concrete 90 95 - 100

Soil 87 70 - 91°

Lagoon Sidewall 85 79 - 95°

' Schwab et al. (1981).
! Hydrologic soil group D
* Hydrologic soi} group C

The roof and concrete CN were below the cxpected. The adjusted CN for these
areas was altributed duc the fact that the drainage pipe tocated al the end of the concrete
floor gets clogged very quickly with rainfall intensity greater than one inch; therefore,
some runoff may not enter to the lagoon. The inner lagoon sidewalls CN was set to 85.
This CN could be as a result of the prevailing grass cover on top of the bank and
sidewalls and the variation of bank slope and heighit.

The last variable adjusted in the model was the hydraulic conductivity of the
lagoon seepage equation. The model was run for the same penod used to adjust fg, and

CN and the results were compared with thc weekly observed data. Hydraulic
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conductivities in the order of magnitude of 10 and 107 co/sec were initially used but
both values overestimated the lagoon seepage; therefore, the predicted liquid levels were
below the observed data. A final adjusted hydraulic conductivity value of 1.51 x 10°*
cm/sec successfully predicted water levels.

The final step involved in the calibration was to apply the adjusted CN and the
hydraulic conductivity values in the model to determine the energy storage factor of the
remaining months. The model was run using the same input data, and the results were
compared with the lagoon elevation data. Continuous changes to the remaining energy
storage factor were made and the program was run until reasonably good matches

between observed and predicted data were found.

Calibration Results

Once the above factors were calibrated, the hydraulic modet was run from the
period May 15, 1996 to October 2, 1997 and the results were compared with the observed
liquid elevation data given in Table A.21 and Figure A.10. The model predictions
compare very well with the observed liquid leve} data as illustrated in Figure 4.1. The
prediction follows the trend of the observations throughout the simulation period.
Figures 4.2 and 4.3 illustrates a one-t0-one plol ol the predicted versus observed lagoon
elevation data and a residual plot, respectively. A statistical analysis of the results is
presented in Tables 4.4 and 4.5. Companson of the mean and standard deviation between
the observed and predicted were very similar. The regression analysis indicated that
model prediction compares well with the observed data with r value of 0.99 and a slope

value close to one. There is 2 95 % confidence that the intercept and slope of the
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regression daes not contain zero. Therefore, the model explained a significant amount of
the vanation in the predicted Jiquid elevation. Moreover, according to Table 4.4, the
mean error after 504 days of operation was very small (-0.01 ft) which indicated how wel)
the model performed once calibrated.

All the peaks in Figure 4.1 were caused by the volume of rainfall on top of the
lagoon and runoff, There is a shght deviation on the prediction curve after October 1997
which was due to an increase in runoff area. This conclusion was made after a physical
inspection of the farm. The area between the Fimishing 2 and the sow unit was also
draming into the cleanout pipe. This new source of runoff was caused by the channeling

left by tractor tires on wetted soil.
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Figure 4. 1. Observed and predicted lagoon elevation for the OSU swine lagoon from May 15, 1996 to October 2, 1997.
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Figure 4. 3. Restdual plot of the lagoon elevation data for the OSU swine lagoon from May 15, 1996 to October 2, 1997.



Table 4.4. Statistical analysis of the observed and predicted elevation for
the OSU swine lagoon.

Predicted Observed Absolute
ft ft Error, ft
Observations 58 58 58
Mininium 10.00 10.00 -0.12
Maximum [1.42 11.53 0.11
Range 1.42 1.54 0.23
Mean 10.86 10.87 -0.01
Variance 0.16 0.18 0.00
Std. Dewviation 0.40 0.42 0.04
Std. Error 0.05 0.06 0.01
Median 11.01 11.0] 0.00

Table 4. 5. Regression statistics and significance of the model for
the OSU swine lagoon.

Results (Ll 1 035 <0
r 0.99
Std. Error 0.03
Intercepl 0.53 4.60 2.0
Slope 0.95 -4.70 2.0
Corr. Coef.,r 1.0 89.0 2.0
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4.4 FElectrical Conductivity Balance - Calibration Overview, Adjusted Parameters,
Process, and Results

Calibration Overview

During the lagoon survey, the EC of the supematant was measured in different
areas of the lagoon and at different depths beneath the surface (Tables A.22 and A.23).
EC measurements were higher in the deeper portion of the Jagoon compared with those in
the upper portion. However, the lagoon supernatant showed uniform EC values at
vertical and horizontal positions. Similar distibution of EC and inorganic salts in the
Jagoon supematant were teported by Sutton et al. (1980); Overcash et al. (1978);
Georgacakis and Sievers (1979). A representative 500 mL supernatant sample was
periodically collecied at 10 feet offshore and 0.5 feet deep beneath the surface at different
locations around the lagoon (Figure A.11). An expandable plastic rod with an attached
plastic bottle at the end was used to collect supernatant samples. Each sample was
analyzed at the lagoon bank with a YSI Model 31 Portable Conductivity Bridge for EC,
conductivity, temperature, and salinity measurements. Tables A.24 and A.2S give the EC
nieasurements at different locations and the average data. respectively.

The measurements of EC indicated no significant variation around the lagoon
except for the area immediately surrounding the outfall. The average EC values given in

Table A.25 were used for companson with the model output.

Adjusted Parameters
The percent of feed cations in the waste and the percent of cations in the lagoon

supernatant were considered the most important parameters in the development of the EC
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balance. These parameters were not analyzed for any of the facilities involved in this
research, thus literature values were used for model estimation (Tables 2.1 and 2.2). For
the calibration, values of v, and o, reported by Overcash et al. (1978) were considered the
most appropriate in estimating soluble mass of inorganic salts in the lagoon supermnatant.
A justification for the application in the model of these values was that the comparison of
the feedstuff and the amount fed in both facilities were very close, especially the percent
of NaCl and calcium used in formulating the ration. Therefore, it was assumed that this
facility may have a similar response in the percent of cations carried over in the wasle and
the percent available i the supernatant. This assumption does not necessary means that

v, and o, reported by Overcash et al. (1978) are correct.

Calibration Process

The facility manager provided the ration information for each wmt as described in
Table A.206. The Equations 3.50 and 3.51 were used to determine the mass of calcium,
sodium, potassium, and magnesium available in the feed and the soluble mass that enters
to the lagoon, respectively. The results obtained from the calculations are described in

Table G.1 and summarized in Table 4.6.

Table 4.6. Daily mass of cations at different stages in the swine operation (lbs/day).

| Stage Ca™ Na’ ' K Mg*
' Feed (X,) 19.07 6.02 | 2155 6.15
| Waste (Xyy,) 10.45 3.97 12.92 4.55
' Solubte (S) 9.09 302 | 982 291
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The soluble calions mass from Table 4.6 was substituted in Equation 3.57 to
calculate the concentration of cation { that is used in Equation 3.49. The mass of EC from
the feed that enters to the lagoon was calculated using Equation 3.58, resulting in 0.012
lbs per day.

The fresh water used to clean and to recharge pits and flush tank was another
contribution of the supernatant EC. The EC in the facility was measured as 0.539 dS/m,
thus 0.539 mg/L was daily added to the lagoon. The mass of EC from the freshwater was
determined using Equation 3.59. Two EC mass loadings were calculated due to the
additional wastewater from the misters. The mass of EC inputted in the model was 0.025

Ibs and 0.022 lbs, with and without the misters wastewater volume, respectively.

Calibration Results

Electrical conductivity predictions for the lagoon supematant were cotmpared
against the EC measurements taken from Septemiber 4, 1996 to October 2, 1997 (Table
A.25). Time-series trends of the predicted EC were in good agreement with the observed
EC, except for some minor deviations during winter and summer months (Figure 4.5). A
one-to-one plot of the observed and predicted supernatant EC and residual plot are given
in Figures 4.5 and 4.0, respectively. The cycle trends on the residual error plot were
caused by physical and biological factors not considered in the EC balance. The
slatistical analysis given in Tables 4.7 and 4.8 showed that the model predicted
significant amount of the observed EC. The model prediction closely followed the
observed pattern as shown Figure 4.7, with the observed and predicted slope of -0.0007

and -0.0012, respectively. Moreover, the average relative error during the 394 days of the
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simulation was -0.15 dS/m; therefore, the model predicts the lagoon supernatant EC very
well.

The predicted did not follow the same trend of the observed data because there are
physical, chemical, and biological factors involved on the Jagoon environment which
contribute with the superatant EC that were not considered in the EC balance. Some of
these factors are, besides the hydraulic component, the temperature effect on the rate of
biological activity in the Jagoon systems. Sutton et al. (1980) reported that nutrient and
solids concentration in lagoon supernatant varied with the season of the year for one
swine and one dairy lagoon with total Kjeldahl nitrogen and ammonia nitrogen being
higher in the spring and the summer months. They also reported that during the four
years of the investigation, ammontum-N and EC followed the same trend. Westerman et
al. (1990) showed a cyclic trend of NH,-N in two swine lagoons and in two pouttry
lagoons and they concluded that the variation is duc to temperature effects on the lagoon
biological activity.

The predicted EC followed the same trend as the observed EC measurements until
late fall when the temperature of the lagoon went down to 2 °C (Figure 4.6). Since mid
January to mid February, the lagoon surface was approximately 90 percent covered by
ice. This decreased in lagoon temperature reduced the activity of both acid and methane
forming bacteria.  However, the methane forming are more sensitive to Jower
temperatures than acid forming. At lower temperature, the acid former bacteria can
continue releasing fatty acids which lower the pH and hold more NH," in solution,

resulting in a increase of the supernatant EC.
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Raising the Jiquid emperature during spring and summer month increased the
NH, level and dropped the liquid EC. The effect of NH, on lagoon EC were not
evaluated in this research due to the dynamic conditions required for the simulation
(biological activity, temperature, etc.). Humenik and Overcash (1976) developed a
steady-state equation for continuous loading to predict NH, losses from swine lagoons on
the basis of TKN concentrations and the interfacial area between the lagoon and the
atmosphere. They also reported deviation from observed and predicted values due to
differences in liquid temperature and probably due to wind conditions.

The effect of the lagoon liguid temperature during spring and fall months produce
sludge tum-over which increase the total solid content in the hquid portion. This
phenomena could also produce a rise in the supermatant EC.

As expected, the EC balance responded very well dunng rainfall events as
ilJustrated 1n Figure 4.7. The predicted EC shown several drops as a result of the rainfall
and runoff volume entering into the lagoon Similar drops were observed in the measured
EC after nearly all rainfall events. Although inorganic salts are continually been added to
the lagoon, its concentration in the liquid portion may goes down when moisture excess
prevail. No effect of irrigation on the EC was noticed because the lagoon effluent was
not pumped out during the observed period. The lower EC measurements observed in the
Jagoon could be attributed for three reasons: (a) Tlie swine were receiving a high forage
dict with minimal mineral supplements. An average of 0.30 percent salt is being added to
the diets which 1s close 10 0.20 percent, the minimum recommended for the swine
nutrition (Rea et al. 1990), (b) The use of fresh waster for recharging the pits and {lushing

the gutters and the large volume of rainfall on top of the lagoon serves as a means of
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keeping the inorganic salt concentration diluted and the EC value under the minimum
recommended for good lagoon performance, and (c) The capacity of the treatment

volume (83 acre-in) is very large, thus it provides large dilution to the incoming waste.
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Figure 4. 4. Electrical conductivity of the Jagoon supematant (@ 0.5 f1 beneath the surface) for September 4, 1996 through

October 2, 1997.
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Table 4.7. Statistical analysis of the observed and predicted supematant EC
for the OSU swine lagoon.

Predicted Observed Absolute
fi ft Error, fi
Observations 41 41 4]
Minmum 3.13 2.97 -0.46
Maximum 3.59 3.70 0.24
Range 0.46 0.73 0.70
Mean 3.29 3.45 -0.15
Vanance 0.01 0.04 0.04
Std. Deviation 0.12 0.21 0.20
Std. Error 0.02 0.03 0.03
Median 3.25 3.49 -0.13

Table 4. 8. Regression statistics and significance of the supernatant EC model in
the OSU swine lagoon.

Results Itel Lo.035.30
r’ 0.12
Std. Error 0.11
Intercept 2.61 8.92 2.02
Slope 0.20 -9.46 2.02
Corr. Coef., 1 0.35 2.34 2.02
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Figure 4. 7. Comparison of predicted and observed slopes of the EC model for the OSU swine lagoon.



¢8

4
35
3
% 2.5
cl
>
2
g
3 2
c
o
(&)
8
.3 1.5
2
w
1
a Observed
0.5 + —— Predicted
—a— 1emperature
0 :
8/23/96 10/12/96 12/1/96 1/20/97 11/97 4/30/97 6/19/97 8/8/197 9/127/97

Date

Figure 4. 8. Temperature effect on predicted and observed EC in the OSU swine tagoon.

50

45

40

35

.| 30

25

20

15

10

Lagoon Liquid Temperature { °C)



98

5 5
45 s Measured EC a5
—o— Precipitation
4 , ——Predicted EC | 4
| g N ™ Hp
15 g =& . n ™ e 35
— s BN
g W
[5)]
S 3 -e [ u 3
'? -]
>
)
2 25| ¢ 25
13
[~
o 5
_§ 2 & 2
bt
@
w
1.5 1] 1.5
1 T o > . 5 1
0.5 ' p 7 i ) . ] 05
! | P l ‘ > l o . l ‘ f l ¢
0 ! | | m n oo l | l ll | At R, (g 1R ‘ J !i 4 , 0
9/1/96 10/21/96 12/10/96 112997 3/20/97 5/9/97 6/28/97 8/17/97 10/6/97
Date

Figure 4. 9. Rainfall effect on predicted and observed EC in the OSU swine lagoon.

Precipltation (In)




CHAPTERSS

MODEL VALIDATION

5.1 Overview of the Validation Sites

Due to the vaniation in climatic conditions in the state of Oklahoma, three
facilities with similar operational characteristics were selected to validate the hydraulic
and the EC model. Two of the facilities are 600-sow breeding farms located in Shawnee,
Pottawatomie County and Poteau, LeFlore County; central and southeastern region of the
state, respectively. The other facility 1s a 2,000 sow-breeding farm located at Goodwell,
Texas County, 1n the northwestem region of the state (Figure 5.1). The validation sites
exhibit considerable variation in the weather pattern, especially the net rainfall minus
evaporation (Figure 5.2), and the handling of wastewater throughout the lagoon system.

Several visits to the facilities were performed to survey the lagoons, to measure
the supernatant EC, to collect supematant samples, and to interview the manager ta
gather operational information required for the model input. The lagoon survey was
performed to determine the lagoon top dimensions, depth, and sludge thickness.
Additional information given by the facility managers included the daily amount of feed
consumed and the composition of dietary ration.

The validation of the model was performed using data from the facilities located
at Shawnee and Poteau. These two facilities were physically inspected to determine all
possible sources of wastewater contributing to the lagoon volume. Flow rate from the

misters and the drippers were measured at different points in each units to estimate the
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volume of wasted freshwater. Not enough operational data were obtained from the
facility located at Goodwell. Physical inspections to this facility were not permissible
due to a strict animal disease contro] program.

Lagoons supernatants from all the sites were sampled and analyzed for Na’, K',
Ca?, Mg", and EC. Analyses of elemental ions were performed at OSU’s Soil, Water &
Forage Analytical Laboratory following the procedure outlined in Standard Methods
(APHA, 1990). The EC was measured by a YSI Model 31 Conductivity Bridge.

Weather data {rom the nearest Mesonet station was used to determine rainfall and
evaporation. However, the historical rainfall data from the Mesonet was substituted with

on-site rainfall records.
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5.2 Description of the Fdcility Located at Poteau

This farm 1s a 600-sow breeding facility that has been in operation since February
1995. The facility is locuated at Poteau, in the southeast portion of Oklahoma, where the
net rainfall minus evaporation is 8 inches. The confined 300-1bs animals are kept inside
two partially enclosed buildings, the breeding and gestation (B&G) and farrowing (Figure
B.1). Waste generated in each unit is collected in under slotted floor gutters which are
periodically flushed by gravity to a single stage anaerobic lagoon. The flush tanks are
recharged with recycle lagoon effluent. The facility was designed to recycle effluent all
year around, thus minimize the utilization of freshwater. A deep well is used to supply
drinking water and hose washing. The well is located approximately SO0 feet away from

the tagoon.

Unit Size and Waste Collection Operation

The facility manager maintains a steady number of animals in the B&G and
farrowing units. The dimensions of the breeding and gestation unit are 36 ft wide by 250
{t long. Thus unit has the Jarger number of animals, 430 animals including boars, gilts,
and gestation sows. The dimensions of the farrowing unit are 42 ft wide by 130 ft long.
The nurnber of animals in this unit are 84 sows with litters.

Manure and wastewater generated in both buildings are collected in slatted floor
gutters flushed every hour. The frequency of flushing the gutters is automatically
controlled to be in series. The flushing tanks are located in a upper section along the roof
ang are recharged with lagoon effluent. A suction pump located close to the outfall from

the breeding and gestation building is used to recharge the tanks. An schematic of the
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recycling pump and return hine are illustrated in Figure B.1. The number of animals by

their type and the amount of maoure daily generated at the farm are given in Table B.1.

Wastewater Loading

The sources of wastewater are the washout water and wasted water from the
misters and drinking channels. All potential runoff areas are diverted from the Jagoon.
The average flow rate from the water hose located behind the storage room was 13.11
gallons per min. Also, the flow was measured at different water hoses inside the B&G
building to determine the volume of water used for the drinking channels.

There 1s a total of 514 misters in the farm, 430 are located in the breeding and
gestation units and 84 in the farrowing unit. The operation of the mister 1s automatically
controlled by a thermostat and timers. The misters are activated when the air temperature
inside the buildings reaches 85 °F. They are set to operate for 30 seconds in a cycle of 20
minutes for 8 hours. The misters flow rate was 5 galls/hr. Therefore, the calculated daily
volume of water was 68.26 ft'.

Not all the water from the misters drains into the lagoon, some amount is
evaporated 1n the concrete floor and drinking gutters. In order to estimate how much
wastewater is evaporated daily, the effective wet area of the floor was measured as 5.5 ft*
per stall. The estimated wetted area in both buildings is 2,835 f’. According to the pan
evaporation data for this region, the average summer water surface evaporation is 0.20
inches. Thus the evaporation will carry approximately a 70 percent of the water from the

buildings floor.
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A water pressure pump with an average flow rate of 3.5 galls/min and 250 psi is
used to wash down the tloors. The facility manager indicated that it takes approximately
20 hours per week to clean and disinfect the buildings resulting in a calculated daily
volume of washout water equal to 80 ft*.

The operation of the donking channels is automatically controlled by timers.
There are four drinking channels in the B&G building. The operational schedule is given
in Table B.2. This type of waterer generates a large volume of wasted water which will
end up in the lagoon causing periodic removal of lugoon effluent for land application.
Automatic nipples are used 1n the farrowing unit.

The amount of wasted water was determined by measunng the flow rate at the
beginning of the channel and subtracting the amount of water consumed by the animals.
Equation 3.28 was used to estimate the volume of water consumed. According to the
manager, the anmimals 11 the breeding and gestation unit are daily fed with 5.5 pounds of
dry feed, so, the daily amount of water consumed in this unit is 147.2 f’,

The average flow rate at one channel was mecasured as 4.61 gals./min. Based on
the flow rate and the operational time, the calculated total volume of fresh water daily
supplied for drinking is 479.44 ft’. Therefore, the estimated daily amount of wasted
water from the drinking channels is 332 ft* or 3.2 gals/min-channel.

The daily total volume of manure and wastewater that flows into the lagoon is
523.61 ft'. A summary of the manure and wastewater volume produced as well as the

model input are given in Table 5.1.
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Table 5. 1. Manure and wastewater volume inputs, Poteau farm.

Manure Volume

Animal No of each Total (ft3/day)
Boars 12 0.65
Gilts 25 3.25
Gestation Sows 393 51.5
Sows & Litter 84 34.4
Total manure volume 90

Drinking Channels

Channel Flow Rate (gal/min) Operational Time (min) Total m-;/day)
4 3.2 193 333
Washout Water
Washout vol. (gal) Frequency (days) Total (ﬂ3/day)
4,200 7 80
Misters
No. of misters Water use (gal/hr)  Frequency (hr/day) Total (ft3/day)
514 0.04 8 20.6
Total Manure and Wastewater Loading 524 ft'/day
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Lagoon Survey

The lagoon was survey for the first time in May 23, 1996. The dimensions of the
lagoon from top of the bank are 140 feet wide by 190 feet long with a side slope of 3:1. A
bench mark was located at the northwest cormner of the (B&G) unit. Table B.3 gives the
elevation data measured at different locations around the top of the embankment and at
the water level. The locations given in Table B.3 are illustrated in Figure B.2.

Supematant samples and depth measurements were taken at two equally distant
transects ( 0 + 70 and 1 + 40) located along the side of lagoon, as illustrated in Figure
B.2. The required depth data was measured every ten feet across the side with the T-
probe device. Depth data at the two transects and the sludge thickness values are given in
Table B.4 and B.5. The average sludge thickness and sludge depth were calculated from
the measured depth at the bottom flat area of the lagoon. Table B.G gives the average
values for each transect. Sludge accumulation was measured higher in the first transect
than the second transect. The bottom region near both outfalls tends to accumulate more
solids but it decreases as you move farther.

In May 13, 1997 the lagoon was surveyed again to detenmine the new sludge
depth and to measure the electrical conductivity. The transects were set at the same
locations and the measurements were taken at ten feet from shore. Electnical conductivity
measurenments were taken at 60 ft offshore of the second transect. Depth and sludge
thickness data for both location are given in Tables B.7 and B.8. The average sludge
thickness and sludge depth are given in Table B.9.

Table B.10 gives the percent of sludge increase in the bottoin flat area during 356

days of operation. The difference in sludge accumulation between 0 + 70 and 1 + 40 in
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1996 were higher than 1997 which indicates that during the second survey the sludge
depth was more uniform. The overali sludge accumulation increased 78 percent in 356
days of operation.

In both surveys, an appreciable amount of sludge was measured in the side slopes
of the lagoon. This accurnulation could be caused by the mixing effect produced due to
the location of the outfalls and recycling suction line. Sludge accumulation values from
the side slopes where determined from thirty feet offshore and the results are given in
Table B.11.

The sludge volume produced was calculated by adding the studge volume in the
side slopes and the volume in the bottom flat portion. The average thickness value for
each year was used to estimate the volume. The effective sidewali sludge depth was 8.5
feet and 9.0 feet for 1996 and 1997, respectively. The total sludge volume accumulated
during 356 days of operation is given in Table B.12.

The rate of sludge accumulation in the lagoon was estimated based on the total
sludge volume accumulated during 356 days and since the farm started in operation
February 1995 (833 days). Given a total solid production of 542.77 Ibs/day (Table B.1),
the calcnlated accumulation rate for both periods are 0.0871 ft'/Ib TS-d and 0.0372

f(*/IbTS-d. respectively.

Lagoon Liquid Zones and Stages Curves
The volume capacity and surface area of the lagoon are plotted in Figures B.3 and
B.4. These plots were determined using the Jagoon dimensions and Equations 3.5 and

3.11. The maximum volume capacity and surface area at 11.125 ft (spillway) are 183,387

96



f' (50.52 acre-in) and 25,863 ft* (0.60 acres), respectively. Based on the NRCS (1994)
design standard, the volumetric loading rate for this anaerobic Jagoon is 5.8 1bs. VS/1000
ft’-day. The actual volumetric loading rate at the minimum drawdown level is 4.66 Ibs.
VS /1000 ft, thus the lagoon has a suitable performance base on the organic loading,
provided sludge does not accumulate. The actual treatment volume is 82,038 ft’, which is

shightly higher (0.15 %) than that recommended by the NRCS.

5.3 Description of the Facility Located at Shawnee

This farm 1s a total confinement 600-sow breeding operation located at Shawnee,
Oklahoma, where the net rainfall minus evaporation is -17 inches. The facility started in
operation in July 1994. There are three operational buildings for farrowing, breeding, and
gestation sows (Figure C.1). Manurc and wastewater in these buildings are collected in
storage pits beneath slotted floors which drain by gravity to a single-cell anaerobic
lagoon. The pits are manually recharged with either recycled lagoon effluent or fresh
water. Fresh water 1s pumped out from a well located near the facility. Lagoon effluent

is periodically irmgated onto adjacent fields.

Unit Size and Waste Collection Management
The production units contarn three partially enclosed buildings which: farrowing,
the gestation, and the breeding umts with a total animal capacity of 120, 300, and 210,

respectively. The population of animals in the farms remains steady all year round. The
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number of animals by type and the daily amount of manure produced are given in Table
C.1.

The dimensions of the farrowing unit are 42 feet wide by 226 feet long. This unit
1s divided into eight separates rooms each having crates for 15 sows and litters. All
rooms shares three underfloor liquid manure storage pits which are separated by a feed
and sow concrete allays. These pits are 7 feet wide with a longitudinal distance of 226
feet. A layout of the “pull plug” type pit with the dimensions is given in Figures C.2.

The G&B units have the same dimensions which are 42 feet long and 159 feet
wide. The number of arumals in the breeding unit 1s shared by boars, gilts and gestation
sows. The generated manure in each unit is collected in two underfloor storage pits
separated by a concrete allays. These pits are 10 feet wide and have and a longitudinal
distance of 159 feet. All pits have a longitudinal bottom slope of 0.5 % toward the
overflow outlet. The effective underfloor storage pit capacity for recharged liquids and
for accumulated wastewater is given Table C.2.

The minimum volume of fresh water or recycled effluent required to recharge all
the pits is 12,957 f’, based on the dimension in Figure C.2. When all the pits are
recharged with the lagoon effluent, the lagoon liquid level drops approximately S inches.
However, if all the pits are drained when they are at full capacity (20,361 ft’), the lagoon
liguid level increases approximately 8 inches.

The pit recharge frequency is every 21 days during spring, summer, and fall
months, and every 7 days during winter months. The farmer continuously changed the
operation of liquid through the lagoon. The change in operation was controlled by the

liquid level. During the research period, the operator used freshwater and recycle lagoon
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effluent to recharge the pit and changed the frequency of recharging the pits. However,
the facility always recycle during winter months to reduce emissions of odors from the

pits. The calculated pit recharge volume to the lagoon is 617 ft'.

Wastewater Loading

It was found during the first visit to the farm, that the only sources of wastewater
mside the buildings are the washout water and the drippers wastewater. Drinking water
in each building is supplied by automatic waterers, thus minimize the amount of spilled
water that enters into the pit. The information concemning the frequency of cleaning the
building as well as the operational timing of the drippers was obtained from the facility
manager.

The hose water flow rate was measured at the water hose located between the
farrowing and gestation building. The calculated average flow rate at the faucet was 13
gal/min. However, a wuler pressure pump that provides a lower flow rate is used for hose
cleaning.

The number of drippers in the G&B are 300 and 210, respectively. No drippers or
misters are used in the farrowing unit. The 510 drippers starts working when the air
temperatures inside the buildings reaches 88 °F. The excess of water from the drippers is
collected 1inside the feed gutters where it is partially evaporated or is drank by the animal.
The remains of the water drained from the sloped feed gutter to the pit.

The drippers are manually set to operate for 2 minutes in a 10 minutes cycle that

lasts eight hours. This means that the drippers works for a total of 96 minutes per day.
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The average flow rate from the drippers was calculated as 0.55 gal/hr. The flow rate was
determined by coflecting in a 100 mL beaker the water of several drippers at different
areas across the building. The daily volume of water from the drippers was calculated as
60.36 {t' from which approximately 40 % is removed from the gutters by evaporation
before it enter the pits.

The buildings are hose cleaned with a water pressure pump that has a flow rate of
3.6 gallons per minute and 250 psi. The frequency of cleaning and time spend varies
from the farrowing unit to the breeding and gestation units. In the farrowing building the
operator spends 4 hours per room and cleans 2 rooms per week. [n the gestation and
breeding units the operator esumates a water usage of 100 gal per week. The daily
volume of washout water is calculated as 36.72 ft'. A summary of a)l the daily lagoon

wastewater loading is given in Table 5.2.

100



Table 5. 2. Manure and wastewater volume inputs, Shawnee farm.

Manure Volume
Animal

Boars

Gilts

Gestation Sows
Sows & Litters

Pit Recharge Water

Pit Volume of Pit (fi3)
1 5,537
2 3,710
3 3,710
Washout Water
Washout vol. (gal)
1928
Drippers
No. of misters Wuter use (gal/hr)
510 0.066

Total Manure and Wastewater Loading

No of each Total (fi3/day)
6 0.78
15 1.95
480 62
120 49
Total manure volume 114
Frequency (days) Totul ()’13/day)
21 264
2] 177
2] 177
Total pit recharge volume 618
Frequency (days) Total (ft3/day)
7 37
Freguency (hr/day) Total (ﬂ3/day)
8 35
804 ft'/day
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Lagoon Survey

The survey of the lagoon was performed during the first visit to the farm in May
21, 1996. The top lagoon dimensions are 150 fi wide by 240 fi long with a 3:1 side
slope. The bench mark was located at the southwest corner of the farrowing unit. The
elevation survey data of the lagoon bank are given in Table C.3 and Figure C.3.

Two equally distant transects were used 1o determine the lagoon depth and the
sludge thickness and to measure the electrical conductivity of the supematant at different
depths. The first transect was located near the outfall at 0 + 80 feet. The second transect
was located at | + 60 feet. Depth measurements from each transect were collected at 10
ft from the bank shore. The data from both transects are given in Tables C.4 and C.5.
Table C.6 gives the average sludge thickness and lagoon depth from the bottom flat area.
As 1t 1s shown in Table C.6 the sludge accumulation was higher in the bottom area near
the inlet pipe and it decreases as you move further toward the opposite side.

In May 15, 1997 the sludge depth was mcasured again to determine the sludge
accumulanon rate and 1he electrical conductivity. Electrical conductivity were measured
al 60 [t fram the offshore of the sccond transect. The transects were situated in the same
locations, along the side bank of the lagoon. Depth measurements from both transects
and average values at the bottom flat area are given from Tables C.7 to C.9.

Sludge volume increased 171 % since May 21, 1996 to May 15, 1997 or during
360 days of operation. Although the accumulated sludge near the outfall were measured
higher, the difference toward the opposite side was considerately reduced by 20 % as it 1s
shown in Table C.10. This indicates that the sludge accumulation at the bottom of the

lagoon was more uniform dunng 1997 than 1996 survey.
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The average sludge thickness in the lagoon side slope was determined using the
depth measurements from each transect at 10 feet and 20 feet from both offshore. The
average sludge accumulation values in the lagoon side slope for both years are given in
Table C.11. Sludge deposits were also found higher near the outfa)l than in the opposite
side slopes.

The average thickness value for both areas was used to determine the total sludge
volume in the lagoon. An effective depth of 5.25 ft and 6.35 ft for 1996 and 1997,
respectively, were used to determine the overall lagoon side slope area covered by the
sludge. The total sludge volume accumulated in the lagoon during 360 days of operation
is given in Table C.12.

The sludge accumulation rate was estimated base on 360 days and 1.036 days
(since July 1994) of operation. According to Table C.1, the daily total solid production is
689 lbs TS/day, therefore, the accumulation rate for 360 days and 1,036 days are 0.09

ft /b TS d and 0.03 ft'/Ib TS d.

Lagoon Liquid Zones and Stages Curves

Figures C.4 and C.5 have a plot of the volume capacity and surface area of the
lagoon that were determined using the Jagoon dimensions and the Equations 3.5 and 3.11.
The maximum volume capacity and surface arca at 9.25 ft (spillway) are 224,411 fi*
(61.62 acre-in) and 33,244 ft* (0.76 acres), respectively. Based on the NRCS (1994)
design standard, the volumetric loading rate for this anaerobic lagoon is 5.7 lbs. VS/1000
ft’-day. The actual volumetric loading rate at the nminimum drawdown Jevel 15 3.85 lbs.

VS /1000 f*-day or 32 % lower than the recommended. Base on the actual organic
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loading rate the lagoon should be able to perform very well. The actual treatment volume

is 105,270 ft*, which is slightly lower (0.50 %) than that recommended by the NRCS.

5. 4 Description of the Facility Located at Goodwell

This farm s a totally confined 2000-sow breeding facility that has been in
operation since January 1994. The facility is located in southern portion of Goodwell,
Texas County, Oklahoma. The year average rainfall minus evaporation in the Panhandle
is -57 inches. The anaerobic lagoon receives wastewater from three operational units,
two breeding and gestation units and one farrowing unit (Figure D.l). Manure and
wastewater from these buildings are collected in storage pits under slotted floors.
Wastewater flushed from the pits drains by gravity (o a single-cell anaerobic lagoon. No
recycle lagoon effluent is used to recharge the pils. Lagoon effluent is pumped for
irrigation to nearby croplands every month.

A steady number of animals in maintain in the operational units. According to the
facility manager, 1n the last inventory they were 2,450 hogs, 1,081 head in each G&B and
288 head in the farrowing unit. The distribution of animals by type and the daily amount
of manure produced are given in Table D.1. A summary of the manure volume is given
n Table 5.3.

All three units have the same dimensions, 60 ft wide by 429 ft long with a
longitudinal bottom slope of 0 %. Each building has two under floor pits similar to those
used in the facility at Shawnee (Figure C.2) but here the pits have a “pull plug” in each

opposite end. Information about the dimensions of the pits or the recharge liquid level
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was not given by the operator. This facility also use dnnking channels but the
information regardless their operation and flow rate were not provided. Same situation
happened with the washout water. No misters or drippers cooling system is used in the
buiidings. Other information gathered from the facility manager is given in Appendix D.
The lagoon was surveyed to determine liquid level and sludge depth (Table D.2).
Only one transept was necessary to determine sludge depth. The lagoon has a triangular
shape with side slope of 3:1 and a total depth of 12.8 ft. The lagoon top dimensions are
given in Figure D.1. One supernatant sample was collected at 4 feet beneath the surface.
The lagoon volume and the surface area are plotted in Figures D.2 and D.3. These plots
were determined by dividing Equations 3.5 and 3.11 by two. The maximum volume
capacity and surface area at 10.8 ft are 1,169,145 ft* (322 acre-in) and 123,690 ft? (2.84

acre).

Table 5. 3. Daily manure volume.

Manure

Type # of pigs | Volume

ft’/day
Boars 50 6.5
Gilts | 100 13
Gestation Sow | 2,012 262
Sows & Litters | 288 118
Total ’i 2,450 400
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5.5 Validation Process and Results

Validation Process

The validation of the model was performed once the hydraulic and EC model
were tested and calibrated at the OSU Swine Research Center. The calibrated factors in
the evaporation and seepage equations were not changed during the validation procedure.
The only source of runoff is from the lagoon sidewalls. The curve number was adjusted
to 93 for the validation sites because the lagoon inner sidewalls were mostly covered by a
layer of clay and poorly covered with grass. Input data was carefully analyzed prior to
running both models. Weather data from the nearest Mesonet station was used (Figure
5.2), but significant distant from the facility was noticeable which can increase model
uncertainty. For this reason, recorded on-site rainfall data were used in the validation
sites instead of Mesonet precipitation data. The time period used to vahdate the model
was limited by the availability of recorded hquid level or irrigation data for cach site.
The predicted lagoon liquid level and the EC were compared to the observed and

measured data.

Table 5. 4. Distance from the validation sites to the nearest Mesonet station.

Validation Mesonet Approximate
Sites Statjons Distance
(miles)
Poteau Wister 8
Shawnee Shawnee 9
Goodwell Goodwell S

106



Validation Results - Hydraulic Balance
a) Poteau Farm

The simulation was performed from November 11, 1996 through September 22,
1997 and the results were compared with the observed elevation data (Table B.13). The
on-site rainfall data obtained from the facility manager is given in Table B.14. The
model prediction compares well with the observed data as shown in Figure 5.3. The drops
in the predicted and observed lagoon elevation are caused by the removal of lagoon
effluent for land irrigation. During the simulation period the facility operator imrigated ten
times for a total volume of 155,881 ft' (Table B.15). The computer program allows the
users to modify the mpui data and make changes to the liquid operation when the
simulation 1s running. Simulation was readjusted to start at the producers water level
after irngation (Table B.15). After the irrigation, the predicted followed the same trend
as the observed elevation data, except for the period between March 3, 1997 to Apnl 17,
1897. Predicted versus observed elevation and residual plots are shown in Figures 5.4
and 5.5. The dotted lines in the residual plot indicates that most of the predicted values
were within £ 2 in.  The associated statistical paramneters are presented in Tables 5.5 and
5.6. The higher coefficient of determination and slope and the similarity between the
average and the median are further evidence of the excellent perfonmance of the hydraulic
model. The intercept is not significant different from zero and the slope is not significant
different from one. The regression equation explains a significant amount of the

variation in the predicted liquid level.
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Figure 5. 3. Observed and predicted lagoon elevation for the facility located in Poteau from November 11, 1996 to
September 22, 1997.
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Figure 5. 5. Residual plot of the hydraulic balance for the facitity located in Poteau from November 11, 1996 to
September 22, 1997.
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Table 5.5. Statistical analysis of the observed and predicted elevation for the facility
located in Poteau.

Predicted Observed Absolute
{l ft Error, f
Observations 33 33 33
Minimum 8.50 8.50 -0.37
Maximum 10.20 10.17 0.13
Range 1.69 1.67 0.50
Mean 9.54 9.56 -0.02
Variance 0.14 0.14 0.0]
Std. Deviation 0.38 0.37 0.11
Std. Error 0.07 0.06 0.02
Median 9.58 9.58 0.02

Table 5. 6. Regression statistics and significance of the hydraulic mode] of
the facility located in Poteau.

Results Il Ly w7 14
r 0.92
Std. Error 0.11
Intercept 0.16 0.32 2.04
Slope 0.98 -0.38 2.04
Corr. Coef., 1 0.96 18.53 2.04
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b) Shawnee Farm

The model was run for the period starting in May 21, 1996 to May 15, 1997 and
the results were compared with the observed elevation data given in Table C.13. Liquid
operation in the production units and in the lagoon were continually changed during the
research peniod. These changes included the frequency of pit recharge and the addition of
fresh water or recycle lagoon effluent to the pits (Table C.14). According to the facility
manager, the recycle rotation ts determined by how close the liquid level is from the
maximum operation level. In winter the manager prefers to recharge the pits more often
(every 7 days) to reduce odors emission from the underfloor pits. All the changes in the
liquid operation were inputted in the model according to the dates presented in Table
C.14. Imgation dates and volume pumped during the research period are given in Table
C.18.

The results of the simulation are plotted in Figure 5.6. Simulation was stopped
and reset at the producer provided water level after trrigation. The simulated liquid level
properly matched the lagoon liquid level observations, although during some periods the
predicted was a little off from the observed. Further investigation of the observed
clevation and the rainfall data revealed that there were some errors associated to the
recorded elevation data. The facility manager record a constant value of 9 feet when the
liquid ltevel was above the maximum operation level. This explained why the predicted
elevation was higher from August 08 to November 22, 1997. During December 1996 to
early January 1997 he also recorded a constant liquid level of 9 feet. Here the predicted
elevation remained steady because no significant rainfall events were recorded and

because the evaporation was very small. Other error were found when comparison of the
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rainfall events and the observed elevation for the periods of 06/15/96 to 07/13/96,
09/21/96 to 10/12/97, and 10/19/96 to 11/23/96 in which he recorded 8 ft, 8 fi, and 7.42
fi respectively. During these three periods the lagoon received significant amount of
ramfall that would caused an increase in the lagoon elevation as it is shown in the
simulation resujt. On-site rainfall data used during the simulation is given in Table C.16.
In general, the predicted observation followed the same trend as the observed
data. The one-to-one plot and residual error are 1llustrated in Figure 5.7 and 5.8. The
statistical analysis of the predicted, observed, the absolute error are given in Table 5.7. A
regression analysis is given in Table 5.8. The low coefficient of determination and the
differences between the average and the median of the observed and predicted elevation
are caused by errors in the recorded liquid level data rather than the model prediction.
However the mean error was very small (0.13 f1). The intercept of the regression line is
statistically significant and the slope is not significant different from one. In general the

regression line was significant.
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Period Recycle Effluent At Recharge
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Figure 5. 6. Observed and predicted lagoon elevation for the facility located in Shawnee from May 21, 1996 to May 1S5, 1997.
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Table 5. 7. Statistical analysis of the observed and predicied elevation for the facility
located in Shawnee.

| Predicted Observed Absolute
: ft ft Error, fl
Observations 53 53 53
Mimmuam 7.41 7.42 -0.22
Maximum 9.42 9.00 0.60
Range 2.02 1.58 0.82
Mean 8.56 8.44 0.13
Variance 0.28 0.29 0.04
Std. Deviation 0.53 0.54 0.19
Std. Exror 0.07 0.07 0.03
Median 8.57 8.46 0.09

Tuble 5. 8. Regression statistics and significance of the hydraulic model of
the facility located in Shawnee.

Results |Leal Lyosss
r 0.87
Std. Error 0.19
Intercept 0.85 2.04 2.01
Slope 0.91 -1.74 2.01
Corr. Coef., r 0.93 18.64 2.01
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¢) Goodwell Farm

In order to validate the model, precise input data most be used otherwise errors
from estimates will be reflected in the output as it is show in the sensitivity analysis
(Chapter 7). Although the manager provided some operational data (Appendix D), these
were not enough for a good validation. Because of the number of animals and buildings
size, this facility could generated a wastewater volume of more that 4,000 ft’. An
estimate of inputs with this order magnitude 1s more likely to offset both simulations.
Therefore. the model was not vahidated for the Panhandle region. However, 1t is expected
to obtain all the required data and the authorization to inspect the facility during the

summer of 1998.
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Validation Results - Electrical Conductivity

a) Poteau Farm

Two types of rations are prepared for the B&G and the farrowing units.
According to the facility manager, the amount of feed consumed per head in each unit is
S ibs and 10 Ibs.. respectuvely. The total amount of feed supplied per unit is summanzed
in Table B.16. Values of caleium and sodium used in formulating the diets were supplied
by the producer (Table B.17).  Values from Tables B.16 and B.17 were used in
Equations 3.51 and 3.52 to determine the total mass of these cations carryover in the

waste and the soluble mass that enters to the lagoon (Table 5.9).

Table 5. 9. Daily mass of cations at different stages (Ibs./day).

Stage Ca™ Na®'
Feed (X,) 34.1 24.)
Waste (X,7,) 25.2 21.1
| Soluble (S,) 5.03 16.1

Mass of cations carryover in the waste was estimated using the fraction of higher
dosage in diets and aged swine (Table 2.1). The concentration of EC that flows into the
lagoon was estimated by substituting the soluble mass values given in Table 5.9 mto the
Equation 3.54, resulting an input concentration of 28 mg/L and a mass loading rate of

0.1582 Ibs./day.
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Wastewater from hose cleaning, drinking channels, and misters increases the mass
of EC loading. EC of the well water was measured as 0.638 dS/m which causes a
contribution of 0.0173 Ibs. and 0.0165 Ibs per day. The variation in the loading is caused
by the operation of the misters.

EC simulation was run from November 11, 1996 to September 22, 1997 and the
predicted EC values were compared with the EC measured at the lagoon superatant
(Table B.18). The model underestimates the observed EC measurements (Figure 5.9);
however, the predicted values follow the same positive trend as the observed data
Staustical analysis (Table 5.10) indicated a mean emror of -0.71 dS/m. The drops in the
predicted plot, are caused by the dilution effect due to rainfall and the removat of EC by
nmigation. A comparison of the EC loading of this facility versus OSU’s Swine Research
facility result in a higher EC loading due to the large sodium content in the diets.
However, the frequent irrigation and the large volume of wasted dnnking water provide
enough dilution to mamtain the EC levels within the recommended level.

Replacing the drinking channels with automatic waterers will reduce the volume
of freshwater pumped from the well, the daily liquid loading to the lagoon, and the
frequency of imgation. These changes may also increase the EC loading by a factor of
lhree, resulting in a higher EC values in the lagoon supematant (assuming 100 %
recycle). Recharging the flush tanks with fresh water will reduce the supernatant EC but
it will generate large consumption of freshwater and wastewater volume and more
frequent irrigation schedule. If salts levels increase in this lagoon, the only economical

solution for the farmer is to feed the animat with diels having lower salt content. Rea et

120



al. (1990) recommended that 0.23 to 0.50 percent salt be added to diets of boars, pregnant

females, and lactating females.
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Figure 5. 9. Observed and Predicted supematant EC for the facility located in Poteau from November 11, 1996 to
September 22, 1997.




facility located 1n Poteau.

Table 5. 10. Statistical analysis of the observed and predicted supernatant EC for the

Predicted | Observed Absolute
dS/m |  dSm Error, dS/m

Observations 4 4 4

Minimum 4.51 4.73 -1.39
Maximum 5.28 6.13 0.00
Range 0.77 1.40 1.39
Mean 4,82 5.52 -0.71
Variance 0.11 0.34 0.43
Sid. Deviation 0.33 0.58 0.66
Std. Error 0.16 0.29 0.33
Median 4.74 5.62 -0.72
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b) Shawnee Fanmn

The producer did not provide the values of the composition of feedstuff. The
same percent of calcium and sodium used i Poteau were applied here because this
facility has similar production operation. The amount fed at a daily ievel was the only
information obtained from the facility manager (Table C.17). Table 5.11 summarize the
amount of salts in the feed, carryover in the waste, and the soluble portion that flows into
the lagoon. A similar procedure used in the previous farm to estimate mass of EC
loading was applied here.  The resulting concentration of EC was 24 mg/L or a daily
mass of 0.1711 ibs.

During the first visit to the facility the EC from the well was measured as 0.88
dS/m. The contribution of the EC from the freshwater and the total loading to the lagoon
1s summarized in Table 5.12. The vanation in EC loading is caused by the variation in
the liquid handling through the system.

The simulation was performed for May 21, 1996 through May 15, 1997. The
results were compared with the observed EC measurements from the fagoon supernatant
(Table C.18). The predicted EC follows a closed pattern of the observed (Figure 5.10).
An statistic analysis is given in Table 5.13. Mean crror was smaller (-0.17 dS/m) that for
Poteau (-0.71 dS/m). During the three recycle periods (Table C.14) the simulated EC
showed a higher positive slope in comparison with periods of no recycle or when the pit
were recharged with freshwater. The drops in the predicted plot were caused by the
removal of EC through irrigation, rainfall and the use of freshwater to recharge the pits.
These changes in the liquid operation allows the supernatant EC to be maintained within

the recommended level. However, the observed EC measurements are getting closer to 8
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dS/m, which 1s the maximum level recommended for optimal biological activity

{Georgacakis and Samantouros, 1986).

Table 5. 11, Daily mass of cations at different stages (Ibs./day).

Stage Ca”™ Na*'
Feed (X)) 49 33
Waste (X.y,) 36.3 26.7
Soluble (S)) 7.25 20.3

Table 5. 12. Mass of EC from freshwater and from total loading.

Sources | Freshwater Total

| EC.bs./day | EC, Ibs./day
pit, washout water, and drippers 0.03 0.21
pit and washout water 0.03 0.20
washout water and dnppers ().004 0.18
washout water 0.003 0.17
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Figure 5. 10. Observed and predicted supernatant EC for the facility located in Shawnee from May 21, 1996 to May 15, 1997.
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facility located in Shawnee.

Table 5. 13. Statistical analysis of the observed and predicted supematant EC for the

Predicted Observed Absolute
dS/m dS/m Error, dS/m

Observations 4 4 4

Minimum 6.37 5.90 -0.81
Maximum 6.87 7.40 0.47
Range 0.51 1.50 1.27
Mean 6.60 6.77 -0.17
Variance 0.04 0.39 0.29
Std. Deviation 0.21 0.63 0.54
Std. Error 0.10 0.31 0.27
Median 6.58 6.89 -0.16
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CHAPTER 6

SENSITIVITY ANALYSIS

6. 1 Overview

A sensitivity analysis was performed to identify which model components
processes and parameters have the greatest impact on the model output. This analysis
determines parameters in the model that require particular attention during actual data
collection to reduce nodel uncertainty, and parameters that can be less precisely

estimated without affecting the performance of the model.
Differcnt methods have been developed for the application of sensitivity analysis
to hydrologic models. Haan et al. (1995) described two types of sensitivity analysis

which are defined as:

20 (6.1)
S ap
g Cor (6.2)
PO

where S, is the absolute sensitivity coefficient, S, is the relative sensitivity coefficient, O
1s the output of interest, and P the particular input parameter. S, gives the absolute
change in O for a unit change in P while S, gives the % change in O for a 1 % changc m
P.

The absolute sensitivity can not be ranked on the basis of seusitivity because it

has units of input and output. Because parameters lested (input) are more likely to have
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different units, the resulting absolute sensitivity will also have different units which make
it difficult to compare sensitivities among parameters. This problem can be overcome by
the application of relatiy e sensitivity which is dimensionless and can be compared across
paramelers. Parameters can be ranked, with the highest S, showing the greatest impact on
the model ontput.

When applying this methodology to hydrologic model. it is impossible to solve

A0/AP directly. Relative sensitivity can be numencally approximated as:

. P (02 - OI) (63)
§ == U
" o(pn-n)

where P and O are the base values of inputs and outputs. respectively. The base values
are changed by a constant “percent change” to obtain P,. P, and their corresponding O,,
and O.. This approximalion assumes that the model response is fincar in the range of

interest.

6.2 Hydraulic Balance - Sensitivity Procedure and Results

Sensitivity Procedure
The sensitivity analysis was performed using 14 parameters including facility
operational and weather data, and internal parameters required by the model (some of

which were adjusted during the calibration process). The output considered was the

lagoon lhiquid level.
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The OSU’s Swine Research Center was selected for the sensitivity analysis. The
model was run from May 15, 1997 to July 31, 1997 using the same input data and the
same adjusted vanable values obtained from the model calibration. Results from this run

will henceforth be known as the base values because they are used as baseline condition

for companson purpose. A constant percent change of £10 % was applied to each

parameters from the baseline condition during each run while keeping the other
parameters unchanged. The baseline (0 %) and 10 % estimates of each parameters are

given in Table 6.1. A +10 % was applied to the daily weather data.

Table 6. |. Parameters used in the sensitivity analysis of the hydraulic balance.

Parameter Baseline, () % -10% +10 %
Volume of manure and 430 387 473
washout water (MW)
Lagoon total depth (d) 15.3 13.8 16.8 |
Hydraulic conductivity (k) 1.50 x 107 1.36 x 10* | 1.66 x 107
Runoff (maximum soil 1.11 1.00 1.22
water reteation, S)
Albedo (o) 0.05 0.045 0.055
Precipitation (P) Daily Mesonet data P-10% P+10%
Wind (u,) Daily Mesonel data u, - 10 % u, + 10 %
Temperature (T.) Daily Mesonet data T.-10% | T.+10%
Relative hunndity (R)) Daily Mesonet data R,-10% | R,+10%
Solar Radiation (R,) Daily Mesonet data R-10% | R+10%
Evaporation (E) Daily estimated E-10% E+10%
Mean solar radiation for Table E.| R,-10% | R, +10%

! cloudless skies (R,,)

Energy storage factor (f,) Table E.2 fo-10% | f.,+10%
Lagoon surface arca. S, 97,800 79,218 118,338
(Figures E.1 and E.2)
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Sensitivity Results

Results from the relative sensitivity are given in Table 6.2 and with time-series
plots for visual comparison (Figures 6.1 10 6.16). The effect of the +10 % change on the
lagoon liquid level after a periad of six months and one year is given in Table 6.3. Since
the model simulates Jagoon elevation in a daily-time-step procedure, any erroneous data
inputted during the run will offset the predicted plot.

The effect of the 10 % change of each parameter were analyzed only with
respect 10 the lagoon hquid level. Among the model components evaporation has the
greatest effect on the performance of the model followed by precipitation, volume of
manure and washout water, and seepage (Table 6.2). Evaporation was three times more
sensitive than wastewater inputs. However, the parameter with the highest impact on the
model output is the solar radiation.

The lagoon evaporation Is the most important component in the lagoon liquid
balance and the one which requires more data for estimation. Therefore, it is more likely
to obtain uncertainty on the mode! output throughout the evaporation component than any
other components in the hydraulic model. As show 1n Figure 6.1, the sensitivity of the
model output caused by evaporation Is reflected just after few days from the starting date
and the difference from the baseline progressively mcreased (-10%) or decreased (+10%)
during the run. Higher estimate of the evaporation will increase the volume of
evaporation losses from the lagoon surface, thus decrease the effluent storage volume.

Among the four weather data used to estimatc evaporation, solar radiation showed

the greatest offset followed by relative humidity, air temperature, and wind speed. Solar
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radiation caused approximately a difference of 2.39 inches of liquid depth after 6 months
of operation (46 acre-in volumc) (Figure 6.2). The sensitivity of the other three weather
parameters is illustrated in Figures 6.3 10 6.5 and Table 6.2, Because most Mesonet
weather stations are distant from swine operation (Table 5.4), it is more likely to mput
uncertain weather data to the model. There exists a variability in space and time in these
weather parameters. However, for the validation sites, it was assumed that evaporation
parameters were spatially homogenous within a radius of 20 miles from the Mesonet
station. This assumption was tested in the validation sites, in which the model prediction
were within | % of the observed data in most of the time.

The sensiivity of the model to the other intcrial paramcters in the evaporation
equation are given in Figures 6.6 to 6.8. The model is slightly aftected by measurements
on the mean solar radiation for cloudless skies. Insignificant sensitivity is found with the
albedo number. The encrgy storage has little sensitivity on the modc} performance.

The effect of precipitation on the lagoon level is remarkable as shown in Figure
6.9 and Table 6.2. After six months the difference in liquid depth was 2.27 inches. The
estimates on precipitation will change the minotf volume and the rainfall volume on top
of the lagoon. The peaks in water level are caused by precipitation and runoff. However,
a comparison of the peaks height reflected a higher peak in Figure 6.9 than in the others
plots.

insignificant variation were found between historic Mesonet precipitation data
and observed rain gauge at the cahbration site. This condition did not apply to the

validation sites. It was not assumed that precipitation was spatially homogeneous for the
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validation sites. Therefore, on-site rain gages were used to record precipitation data for
the model validation.

It 1s important to mention that the sensitivity on the model output may vary from
other facilities with smaller or larger operational size. Nevertheless, the order of
sensitivity of weather parameters and intermat evaporation parameter on the performance
of the model will remain the same from a baseline condition.

A * 10 % on the manure and washout volume also caused a significant change in
e Jiquid level after 6 months. This change would be larger if the lagoon surface area is
smaller. The actual loading of manure and washout volume to the lagoon will increase
the daily liquid level by 0.06 inches. This small contribution drastically changed the
model output as illustrated in Figure 6.10. After six months of operation, the model over
or under estimated an average of 1.05 inches of lagoon depth or 2 acre-in of lagoon
volume.

As expected. +10 % of CN had a significant effect on (he lagoon elevation
whereas the maximum soil water retention (S) parameter had negligible effect (Figures
6.11 and 6.12). The low relative sensitivity 1s as u result of the small area susceptible to
runofl compared to the 2-acre size lagoon. The runoff area only accounts to 18 % of the
lagoon surface area.

The analysis shows the model is not sensitive to the hydraulic conductivity, at
least within the + 10 % range (Figure 6.13). Because it is difficult to physically measure
hydraulic conductivity within 10 %, the sensitivity was tested based on a plus or minus

one and two orders of magnitude change in hydraulic conducuvity (Figure 6.14). The
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model is highly sensitive when the k value is increased up to two orders of maguitude.
When k is equal to 107 cm/sec, the model underestimate actual [tquid level by 3.33 ft
after six months (Table 6.3). Higher estimate of k will increase secpage rate from 26
ft'/day (baseline) up to 1,300 A'/day (10™ cm/sec).

The lagoon surface area significantly affected the model output as illustrated in
Figure 6.15. Larger surface area increases evaporation losses, volume of rainfall on top
of the lagoon, seepage area, sidewalls runoff, and decreases or makes insignificant the
changes in lagoon elevation due to manure and washout volume. Thus, when lagoon
dimensions are overestimated the hquid level will be underestimated.

Based on thesc analyses, all data inputted 1w the model were excellent since the
adjustment of the energy storage factor made a large difference in being able to predict

lagoon level.
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Table 6. 2. Relative sensitivity of the hydraulic balance parameters.

Parameters Relative
Sensitivity
Hydraulic conductivity (k) 0.01
Volume of manure and washout water (MW) 0.17
Precipitation (P) 0.35
Evaporation (E) 0.41
Solar Radiation (R,) 0.32
| Temperature (T ) 0.17
Relative humidity (R,) 0.19
Mean solar radiation for cloudless skics (R,) 0.11
Wwind (u,) 0.08
Energy storage factor (f,.) 0.09
Albedo () 0.02
Runoff
maximuom soil water retention, S 0.02
CN 0.71
Lagoon dimensions (L x W) 0.2)
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Table 6. 3. Results of + 10 % parameter estimates on liquid level elevation (in)

after six months and one year.

Afier six months After one year
Parameters -10 % + 10 % -10 % + 10 %

Hvdraulic conducuvity (k) 0.07 0.07 0.14 0.14
Volume of manure and 1.07 [.05 [.94 1.91
washout water (MW)
Precipitation (P) 2.27 2.25 3.66 3.79
Evaporation (E) 2.99 3.01 4.20 4.2
Solar Radiation (R,) 2.39 2.40 3.26 3.07
Temperature (T,) 1.95 2.2] 3.01 3.04
Relative humidity (R,) 1.24 1.23 1.98 2.18
Mean solar radiation for 0.82 0.68 1.28 1.06
cloudless skies (R,,)
Wind (u.) 0.51 0.51 1.02 0.98
Energy storage factor (f) 0.41 (.41 0.75 0.78
Albedo (a) 0.16 0.16 0.23 0.23
Runoff

maximum soil water

relention, S) 0.09 0.07 0.13 0.11

CN 0.27 .13 0.38 1.81

Lagoon dimensions (1. x W) 293 2.29 5.28 4.10

Table 6. 4. Differences in liquid level caused by hydraulic conductivity from base

value 1.5 x 10 cm/sec.

Hydraulic Conductivity | After six months | After one year
cm/sec (in) (in)
I x 10° - 40 - 09
I x 107 -4 -8
[ x 10° +0.2 +0.5
I x 107 +0.7 -
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6. 3 Electrical Conductivity Balance - Sensitivity Procedure and Results
Sensitivity Procedure

The sensitivity anatysis of the EC balance included the period from September 4,
1996 through October 2, 1997. The adjusted parameters in the hydraulic balance were
not altered. Required input data used dunng the calibration of the hydraulic balance was
used here to estimalc lagoon volume and supernatant EC. The resulting EC was
considered as the base case. A constant percent change of £10 % was applied to each
parameters (Table 6.3) to determine the new concentration of EC from manure flowing to
the lagoon (Equation 3.49). The resulting EC from the estimates (10 % ) of each
parameter was inputted in the model, and the resulls from the simulation were compared

with the baseline EC.

Sensitivity Results

Results from the sensitivity analysis are presented with lime-series plots for visual
comparison (Figures 0.15 10 6.18). The effect of the 10 % change of each parameter
were analyzed only with respect to the supernatint EC (dS/m).  As expected. only
slightly different value were obtained after 397 days of the simulation. This 1s atlributed
to the small soluble salts contribution from manure and washout water compared (o

volume of the lagoon.



Table 6. 5. Parameters used in the sensitivity analysis of the EC balance.

Parameter EC (mg/L) | EC (mg/L)
-10 % +10 %

Total pounds fed daily (F,) 2.43 4.40
Wastewater volume (O,) 4.48 2.53
Percent of feed cation in the 1.7 5.13
excreted waste (y,)

Percent of soluble cation 1n 0.021 6.81
supernatant (o))
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CHAPTER 7

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

7.1 Summary

Liqud handling plays several important roles in swine waste management. The
primary advantages ol hquid handling are: 1) Liquid handling provides an economical
mechamsm to transporl waste from production units, 2) {f properly operated. liquid
handling reduces odors from the facility, and 3) Treated liquids are easily transported to
cropping systems, providing numerous nutrients required for crop production which
could mmimize the application of man-made fertilizers and vesult in a higher return to
farmers. Manure and wastewater are removed from the production units and transported
to a lagoon for treattnent and storage of liquids, studge, and nutnients. Jmproper handling
of liguids in the facility affects the performance of lagoons, causes emission of odors
from buildings and lagoons, and reduces irrigation effluent quality.

The overall goal of this research was 1o develop a user-riendly mass-balance
computer program tha! combines facthity operabion and weather data (0 predict duily
liguid levels and supernatant EC for single stage lagoons. The computer program
provides a step-by-step ntode of data input that will allow farmers to devclop the best
strategy of liquid handhng.

The computer programi developed allows farmers fo select the best hquid
management practice [or their type of hog production operation. This program predicts

two important parameters that define the performance of the lagoon. These are the
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lagoon liquid level and the supernatant EC. These two parameters will guide the farmer
toward a more cost effcctive waste treatment system for swine operations. For example,
recychng lagoon effluent to recharge the ftush tanks or pits reduces both the labor and the
volume of wasted freshwater that must be discarded (rom the system.

The computer model uses historical Mesonet weather data to determine volume of
rainfall and runoff entering and evaporation leaving the lagoon. Facility operational
information is obtained from the facility managers. The facility managers supply data on
the number and type of hogs, type of waste collection systemn, volume of pits or flush
tanks, recharge frequency either with fresh water or recycled effluent, frequency of hose
walter cleaning, misters and drippers for cooling, and lagoon physical information (top
dimensions and depth). All the operational information is carefully analyzed by the
operator before the mass balance is performed 10 minimize errors in the output. The daily
time-step mode! can be sltered while runming so farmers can try different combinations of
flushing, storing and rigating to determine the best liguid operations.

A file containing weather database tailored 1o each site has been prepared from
Mesonet archives that can be read by the program. This database contains temperature,
hurmdity, wind velocity, precipitation and solar radiation. The model combines a mass
balance approach and empirically derived relationships to estimate lagoon liquid level
and supematant EC.

Some equations were developed to determine the lagoon volume, surface area,
sidewalls area, total werted area, and mass of EC carryover in the manure. Evaporation
from the lagoon surface is estimated by the combined aerodynamic and energy balance

methods developed by Penman (1948). Values of encrgy storage, G.., were adjusted with
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pan evaporation observations and observe liquid levels. Lagoon seepage is estimated
following the USDA-NRCS (1993) procedure to calculate the specific discharge rate. It
was assurned that the hvdrauhc conductivity does not change during the simulation.

The mode! was developed and calibrated using OSU’s Swine Research Center
operational data and lagoon information. Several advantages of using this factlity for the
model calibration were: the easy access to operational information from the facility
manager, routine inspection of the waste handling systems, periodic observation of
lagoon liquid level, electrical conductivity measurements, and rain gage data; and the
vicinity of the Mesonet Station located at the OSU Agronomy Farm less than one mile
north of the swine facility.

Lagoon liquid levels and EC output were compared with observed liquid
elevations and EC measurements. The model performed well in predicting the hquid
Jevel and supernatant EC. The predicted liquid level was within (.10 foot of the observed
elevation data. Fluctuations in the observed EC were attributed to temperature effects on
biological activity. The predicted EC does not respond to these fluctuations because the
EC mode! was developed to be dependent on only hydraulic conditions and base cations
from feed. It is assumed that biological activity affects other cations and ions, most
notably ammonium and tonized organic acids.

The model was vahdated east of the 97" meridian 11y Oklahoma using operational
data from two facilities located at Shawnee and Poteau. Both facilities have similar
operational characteristics but different climatic conditions, especiatly rainfall and
evaporation. Weather data from Mesonet stahions nearest to the facilities were used to

compile the weather input files. On-site rain gauge readings were substituted for
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Mesonet’s precipitation data. This substitution minimized the errors in the predicted
liquid level. Actual operational data were provided by the facility managers and carcfully
analyzed before mpul (o the model.

The hydraulic balance successfully predicted the lagoon liquid level when
compared with the observed elevation data of both facilities. During the simulations, the
program was stopped after imgation to adjust water level (o the manager supplied data.
In both simulations, the predicted elevation was within an average of .17 foot of the
observed data. Runs between irrigation range from 30 (o 60 days.

The predicted EC in both simulations followed the same trend as the observed
data; however, at Potean the predicted EC underestimated the observed EC
measurements. At Poteau the EC loading [rom fecd was higher and the operator recycled
lushwatcr yvear-round. Based on inpul data it was expected that EC would increase over
e, but the estimated EC remamed within a smull range of values. This condition
happened due to the continuous uiTigation of lagoon effluent and addition of freshwater
from rainfall and wasted wastewater from the drinking channels.

At Shawnee, the predicted EC trends followed the liquid operation. When pits
were recharged with recycled effluent, the predicted EC increased faster than in periods
with no recycle. The highest EC value occurred at the ends of the recycle periods. The
addition of freshwater after irrigation brought down the predicted EC.

According to the hydraulic and EC balance. a facility located in eastern Oklahoma
{positive rainfall minus evaporation) requires at least 6 gallons/hog/day of fresh water to
maintain supernatant EC levels below 6 dS/m. Freshwater required to maintain EC

below 6 dS/m may double in the central region of the state where evaporation exceeds
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rainfall. For the Panhandle, where the net rainfall minus evaporation is -57 inches, it is
expected that the manager will need to add approximately 20 gallons/hog/day of fresh
water to keep supemnatant EC between 4 to 6 dS/m. The above reasoning was based on a
600-sow breeding facility with pit recycle recharge system and rations containing 1.1 %
Ca’ and 0.75 Na'.

Results from the sensttivity analysis show that among the model components, the
evaporation had the greatest effect on the performance of the model followed by lagoon
dimensions, rainfall, and volume of manure and washout water. The parameter that has

the highest impact on the model output is the solar radiation.

7.2 Conclustons

The following conclusions were drawn from this study:

I. The hydraulic balance successfully predicted the daily water Jevels within one tenth
of a foot of the observed data. Mean absolute crror was within * 2 percent of the

observed data.

(8]

The electrical conductivity batance has shown good performance with EC levels
within + 4 percent of the measured supernatant EC.

3. The adjusted factors in the evaporation and secpage equation gave reasonable results
i the validated sites. A hydraulic conductivity of 1.51 x JO™ em/sec can be used to

estimalte lagoon seepage from the swine operations and for calibration and validation.



This value may be higher for lagoons that have been in operation for less than five
years.

The introduction of the energy storage factor in the evaporation equation allows users
to estimate daily evaparation for periods longer than one year without overestimating
or underestimating lagoon evaporation cause by temperature fluctuations in the
lagoon.

Relative sensitivity shown that evaporation had the yreatest effect on the model
output. The model estimate of evaporation is quite sensitive to solar radiation.

Curve number for the lagoon inner sidewalls with a predominant grass cover and with
a soil (clay) layer ranged between 85 - 90 and 90 - 93, respectively, for lagoons with a
3:1 slope.

The model can be used to teach farmers to determine the best liquid operation practice

1« hog production lacility

7.3 Recommendations for [Future Research

Validate the model using more facilitics across the slate of Oklahoma and for longer
periods, with especial interest for facilities located in the Panhandle.

Determine the distribution of cations throughout the fagoon system.

Compare model output using Mesonet data with statistical weather generation
programs.

Expand madel to calculate water balunce on more complex systems, for example two-

stage lagoons, setlling basin followed by lagoons. partially covercd lagoons.
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5. Validate model in other regions, (southeastern of the United States and upper
Midwest) using weather generation programs.

6. Use validated model as a too! to estimate seepage through lagoon liners.
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Figure A. 1. System schematic of swine production and lagoon treatment.



Table A. 1. Farm values for mass and volume'.

| Pigs wt. [ Total wt. TS A Manure

Type # of pigs | Ibs/each lbs Ibs/day | ibs/day | Volume

ft'/day
Boar 5 400 2,000 4 3.4 0.65
Sow + Litier 22 373 8,250 57 50.6 9.02
Nursery 168 35 5,880 62 52.1 10.1
Grower 50 - 125 lbs. 18] 90 16,290 109 97.7 18.1
Finisher 125-175 [bs. 172 150 25,800 138 123.8 7.45
Finisher 175 + 1bs 238 200 47,600 224 202.3 12.00

|
Total 786 | 105,820 | 593.08 | 529.96 | 5732

T Hamilton et al. (1997).
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Table A. 2. Water meler data

Reading Beginning Ending Washout
Date Meter Meter Volume
Reading Reading (gals.)
(gals.) (gals.)
1/14:97 112,380
172297 114.380
1/30:97 116,419
2/6/97 118,706
2/11/97 119,928
2/14/97 120,202
2/19/97 120.890
2/21/97 121,925
2/26/97 132,575
3/9/97 134,870
3/12/97 135,713
3/17/97 137,317
3/19/97 137,730
3/26/97 137,990
4/2/197 138,510
4/7/97 138,880
4/9/97 139.790
4/12/97 140,110
47106/97 140,707
4;23:97 141,160
4:30/97 142,610
577197 143.370
6/4/97 151,430
6/11/97 152,950
6/17/97 153,380
6/29/97 156,640
7/7/97 158,110
| 7/18/97 159,500 47,120
| Daily Nursery Washout Volume (ft’) 34!

" Based on 186 days.




Table A. 3. Washout volume production values.

Average Washout

Unit Flow Rate Volume

(GPM) (ft'/day)
Nursery 4.2 25
Farrowing 4.2 9
Fimshing 125 - 175 lbs 3 7
Finishing 175 lbs + 9 21

Table A. 4. Lagoon survey data.

| Location | BS HI £S | Elevation
BM 3.0751103.18 100
Al 6.87| 96.31

2 6.54 96.64

3 7.41 95.77
B 6.12[ 97.06 |
C 487 9831
D 430 98.88
E 5.01 98.17
F 2.83 | 100.35
G 441 98.77
H 5.48 97.70
[ 2.83 | 100.35
water level 934 93.84
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Table A. 5. Depth data at O + 50 ft during the survey in May 17, 1996.

Distance | Sludge depth | Lagoon depth | Sludge thickness
ft ft ft
0 waterline
10 2.7 4.5 1.8
20 4.1 6.9 2.8
30 6 8.9 2.9
40 6.6 9 2.4
50 6.2 9.3 31
60 6.4 8.9 2.5 |
70 6.5 9.2 2.7 |
80 6.7 9.9 3.2 ]
90 7.2 10.2 3.0
100 6.5 10.1 3.6
110 4.9 10 5.1
120 4.8 8.3 3.5
130 4.9 9.5 4.6
140 4.5 6 [.5
150 3.3 3.7 0.4
158 waterlme
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Table A. 6. Depth data at | + 00 ft during the survey in May 17, 1996.

Distance | Sludge depth | Lagoon depth | Sludge thickness
ft ft ft
0 waterline
10 2.9 3.5 0.6
20 5.4 7.8 2.4
30 7 9.2 2.2
40 7.2 9.3 2.1
50 7.4 924 2.0
60 6.5 10 3.5
70 6.4 9.9 3.5
80 7.1 10.] 3.0
90 6.5 9.8 33
100 5.8 9.8 4.0
110 6 9.5 35
120 6.2 94 32
130 5.7 9.1 34
140 51 7.2 2.1
150 2.6 2.7 0.1
160 wateriine

Table A. 7. Depth data at 1 + 75 (1 during the survey in May 17, 1996.

Distance | Sludge depth | Lagoon depth | Sludge thickness
ft ft fl
0 waterline
10 2.0 23 0.3
I 20 4.1 4.6 0.5
30 5.0 5.6 0.6
40 5.2 5.9 0.7
S50 5.5 5.9 0.4
60 5.3 5.8 0.5
70 5.5 0.0 0.5
80 5.5 6.0 0.5
90 5.6 6.0 0.4
100 5.6 59 03
1o 5.3 55 0.2
120 3.0 3.2 0.2
130 waterline
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Table A. 8. Depth data at 2 + 25 ft dunng the survey in May 17, 1996.

Distance | Sludge depth | Lagoon depth | Sludge thickness
ft il ft

0 waterline

10 2.5 2.5 0.0
20 4.5 5.2 0.7
30 6.6 6.9 0.3
40 7.3 7.6 0.3
50 8.1 8.1 0.0
60 8.1 8.3 0.2
70 8.2 8.4 0.2
80 8.2 8.5 0.3
90 8.2 8.0 0.4
100 8.0 9.0 0.4
110 8.6 9.1 0.5
120 8.5 9.2 0.7
130 8.6 9.0 0.4
140 83 9.0 0.7
150 8.8 0.5 0.7
160 9.2 9.4 0.2
170 9.5 9.8 0.3
180 9.4 9.7 0.3
190 9.2 9.3 0.1
200 8.3 8.5 0.2
210 5.5 5.5 0.0
220 24 2.6 0.2
228 waterline
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Table A. 9. Depth data at 3 + 25 ft during the survey in May 17, 1996.

Distance | Sludge depth | Lagoon depth | Sludge thickness

ft ft ft

0 waterline
10 2.1 2.4 0.3
20 5.4 5.9 0.5
30 8.1 8.4 03
40 8.7 89 0.2
50 8.7 8.8 0.1
60 9.2 93 0.1
| 70 9.3 9.3 0
80 9.9 10 0.1
90 10.1 10.4 0.3
100 {0.1 0.8 0.7
110 10.1 10.3 0.2
120 10.4 10.6 0.2
130 10.5 0.5 0
140 10.3 0.4 0.1
150 10.1 10.2 0.1
160 9.9 9.9 0
170 9.7 9.7 0
180 9 Y 0
190 7.9 7.9 0
200 5.2 5.2 0
210 2.2 2.2 0

215 waterline
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Table A.10. Statistical analysis for the depth data taken in May 17, 1996.

0+ 50 1+ 00 [+75 2+25 3+ 25
AVETSD' [CVP |[AVE| SD | CV |[AVE[ SD [ CV |AVE] SD | CV |AVE| SD | CV
Lagoon depth, fi 958 | 0.53 | 0.06 | 9.69 | 0.29 | 0.03 | 593 | 0.08 | 0.01 | 891 [ 0.61 [ 0.07 [ 9.87 | 0.66 | 0.07
Sludge depth, ft 638 | 0.66 | 0.10 | 6.57 | 0.55 | 0.08 | 5.43 | 0.15 | 0.03 | 8.55 | 0.57 | 0.07 | 9.73 | 0.60 | 0.06
STudge thickness, ft | 3.20 | 0.86 | 0.27 | 3.12 | 0.67 [ 0.21 | 050 | 0.11 | 021 | 036 | 0.21 [ 059 | 0.14 | 0.18 | 1.28

"average

* standard deviation
* coefficient of varnation




Table A. 11. Depth data at 0 + 66 ft during the survey in May 26, 1997.

Distance | Sludge depth | Lagoon depth | Sludge thickness
ft ft ft

0 waterline

10 3.7 5.15 1.45
20 4.9 7.35 2.45
30 0.0 10.25 4.25
40 6.8 10.8 4.00
50 6.9 11.24 4.34
60 7.4 11.05 3.65
70 7.6 11.15 3.55
80 7.6 11.0 3.40
90 7.2 11.33 413
100 6.0 1.4 5.40
10 6.2 11.2 5.00
120 6.5 11.1 4.60
130 6.4 10.68 4.28
140 6.0 9.70 3.70
150 5.0 5.80 0.80
160 1.5 1.50 0.00
164 waterline
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Table A. 12. Depth data at 2 + 54 fi during the survey in May 26, 1997.

Distance | Sludge depth | Lagoon depth | Studge thickness
ft fi ft
0 waterline
10 3.0 3.15 0.15
20 5.8 6.25 0.45
30 8.3 8.7 0.40
40 945 9.8 0.35
50 9.78 10.08 0.30
60 9.9 10.08 0.18
70 10.3 10.6 0.30
80 1.1 11.45 0.35
90 11.1 11.39 0.29
100 11.0 11.6 0.60
10 10.8 11.39 0.59
120 10.8 11.45 0.05
130 10.8 11.48 0.68
140 10.8 1{.6 0.8
150 11.3 11.65 0.35
160 11.4 11.6 0.20
170 10.8 11.15 0.35
180 10.4 10.7 0.30
190 9.9 10.18 0.28
200 7.9 8.15 (.25
210 5.21 5.21 0
220 2.38 2.38 0
229 waterline

Table A. 3. Statistical analysis for the depth data taken in May 26, 1997.

0+ 66 2+54
AVE | SD CV | AVE | SD CV
Sludge depth, ft 693 | 063 | 0.09 | 10.73 | 0.48 | 0.04
Sludge thickness, ft | 4.26 | 0.71 0.17 | 042 | 0.19 | 047
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Table A. 14, Average thickness values at the bottom of each lagoon.

Sludye Clear
Side Side
(ft) (f1)
1996 3.15 0.25
1997 4.26 0.42
| Difference 1.11 0.17

Table A. 15. Side slope sludge production.

1996 1997
Ave | SD [ CV | Ave | SD | CV
| Studge 206|130 063 [282]148|053
Clear 021 {023 | 1.09| 0.21 | 0.19 | 0.93
Table A. 16. Sludge volume production.
Bottom Volume (ft’) Side Volume (ft) Total (ft)
OLD NEW OLD NEW
1996 35,434 7,853 21,820 0
1997 51,079 13,269 36,003 0
Increment 15,645 5,416 14,243 0 35,304
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Table A. 1 7. Surface area - three rectangular sections (ft°).

Area

Rectangular Sections

Total

I

(180 + 3h)(83 + Oh)

14940 + [329h + 18 b’

I

(168 + 3h)(83 + 3h)

13944 + 753h + 9 h°

{1

(168 + 6h)(80 + 3h)

13440 + 984h ~ 18}’

Table A. 18. Surface area - Two rectangular sections (ft°) .

Area Rectangular Sections Total
1 (88 + 6h)(83 + 6h) 7304 + 1026h + 361
IT (168 + 6h)(163 + 6h) | 27384 + 1986h + 36h’

Table A.19. Runoff areas.

Zone Area (ftY)

Roof 2555
Concrete 4000

Dirt 1250

Table A. 20. Fixed lagoon runoff area

Height W, W, L. SWA
(f) () (1) (f) ()
15.30 180 260 255 53,926
13.5 169.2 249.2 244.2 46,199
Runoff Area 7,726
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Table A. 21. Lagoon liquid level.

Date | Elevation (ft) Date | Elevation (ft)
05/17/96 10.40 3/23/97 10.97
8/15:96 10.23 3/26/97 11.02
8/21/96 10.11 3/31/97 10.98
8/27/96 10.13 4/3/97 10.96

9/4/96 10.07 417197 11.01

9/10/96 9.995 4/9/97 11.13
9/17/96 10.24 /12197 11.34
9/25/96 10.27 4/16/97 11.33
10/3/96 10.34 4,23/97 11.28
10/10/96 10.33 4/30/97 t1.31

10720496 10.22 5/7/97 11.37
10/24/96 10.35 5/26/97 11.22
11/8/96 10.40 6/4/97 11.16
11/17/96 10.52 6/12/97 11.13
11/25/96 10.515 6/13/97 11.20
12/7/906 10.63 6/19/97 11.155
12/14/96 10.64 6/23/97 11.10
1/14/97 10.68 6/28/97 11.05
1/22/97 10.69 71797 11.24
1/30/97 10.68 117197 11.11

215/97 10.68 711797 11.006
2/11/97 10.74 7/16/97 11.02
2/19/97 10.73 7/18/97 11.36
2/21/97 11.02 7/30/97 11.31

2/26/97 11.04 8/7/97 11.31

3/9/97 11.0] 8/20/97 11.45
3/12/97 11.01 8/30/97 11.41

3/17/97 10.98 9:14/97 11.40
3/19/97 10.98 10/2/97 [1.53
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Table A. 22. Electrical conductivity values taken in May 17, 1996.

Depth beneath | EC of the | EC of the
the hquid | Studge Side | Clear Side
surface (dS/m) | (dS/m)

(f1) |

05 380 | 3.9
) 3.81 | 379
2 381 | 3.9
3 3.82 3.79
4 3.87 3181
5 3.98 3.82
6 3.82
7 3.87
8 3.96

Table A.23. Lagoon supematant analysis.

Sample Na' | Ca™ |Mg> | K' [ SO,/ | EC | TSS | Na | SAR | PAR
ID' mg/L | mg/L | mg/L | mg/L | mg/L | dS/m | mg/L | %

1C05179602 | 176 | 66 23 380 | 97 | 3.69 [2,435| 596 | 48 | 6.0

C05179604 | 202 67 22 443 | 101 | 4.11 |2,713]| 630 | S5 7.1

CO5179606 | 171 606 36 375 82 | 3.63 |2396| 543 | 4.2 5.4

COS179608 | 170 | 03 32 377 | 89 [ 3.65 (2,409 50.1 | 4.4 5.7

SO517960.5 | 195 53 24 444 89 | 298 | 1,967 64.7 | 5.0 7.5

S05179603 | 184 48 32 418 86 | 312 |2,059| ol4 | 5.0 6.7

SU5179605 | 194 49 16 445 90 | 3.01 {1987 692 | 6.2 83

SUSL79608 | 253 50 13 519 54 | 541 3571 740 [ 79 9.6

C1010960.5| 186 | 45 12 425 86 | 3.03 12,000 714 | 6.4 8.5

C10109603 | 196 | SO 24 | 420 | 92 | 3.00 | 1,980 65.6 | 5.7 7.7

C10109605 | 191 57 40 440 | 88 | 290 |1,914| 57.5 | 4.7 6.4

C10109608 7 39 17 109 13 | .581 | 383 | 830 | 0.2 2.2

505259704 | 179 59 23 414 92 | 328 | 2,165 61.7 | 5.0 6.8

C05259701 | 180 60 27 414 85 | 332 |2,191 | 60.0 | 4.8 0.6

C05259704 | 180 60 28 417 89 | 3.36 [2,218| 59.6 | 4.8 0.6

Average "

(15717196 189 | 50 | 25 | 421 | 93 | 348 | 2294 62 | 5 7

10710796 191 48 18 423 86 | 301 | 1990 | 69 0 8

05:25/97 180 6O 26 415 89 | 3.32 | 2191 | 60 5 7

"The lewter C and S before the date stands for Clear and Sludge, respectively. The number after the date
indicates the depth (1) at which the samples were taken.
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Table A. 24. Supematant EC and temperature data.

Date | [ocation| Temp. | EC (@ 25°C | Conductivity | Salinity
°C dS/m dS/m
9/4/96 J1 28.6 3.58 3.83 1.90
G3 28.1 1.57 3.78 1.90
EA4 27.6 3.55 3.74 1.90
9/10/96 Gl 31.5 3.57 3.99 1.90
It 31.5 3.56 399 1.90
G3 30.0 31.56 391 1.90
s 30.5 3.57 393 1.90
D! 3.0 335§ 398 1.90
Q17 Yn J! 219 362 34l 1.90
G3 217 362 341 .80
C3 211 3.60 333 1.90
E) 217 3.60 3.35 1.90
9/25/96 J1 215 3.62 338 1.90
G3 21.35 1.6] 3.37 1.90
Cs5 215 3.61 3.36 1.90
10/3/96 JI 19.8 3.59 3.23 1.90
G4 204 3.56 324 1.90
CS 239 3.51 3.43 1.80
10/20:96 1 16.4 3.63 3.04 1.90
G4 16.] 3.57 2.97 1.90
C5 17.0 3.57 3.02 190
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10/24/96 Gl 17.5 3.51 3.03 1.90
J1 17.8 3.46 2.98 1.80
G3 18.6 3.54 2.92 1.80
CS 15.1 3.46 2.80 1.80
11/8/96 Gl 12.5 3.49 2.65 1.80
J1 12.3 3.48 2.64 180
G3 11.6 3.46 2.57 1.30
Cs 12.3 3.46 2.62 1.80
LT 96 €] 10.8 342 2.52 1.80
J1 11.1 144 2.51 1.80
G3 11.0 342 2.54 1.80
A3 11.8 3.4] 2.55 t.80
11/25/96 Gl 6.8 3.47 2.27 1.80
J] 6.9 1.44 2.25 £.80
G3 6.7 145 2.28 1.80
C5 6.9 3.44 2.25 1.80
12/7/96 Gl 7.2 3.46 2.28 1.80
J1 7.2 3.43 2.27 1.80
G3 7.3 3.43 2.27 1.80
Cs 7.9 3.45 232 1.80
A2 6.6 3.45 224 1.80
12/14/96 Gl 10.1 3.44 246 |.80
J1 10.2 3.30 2.38 1.80
1/30/97 Gl 2.2 3.77 213 2.00
n 3.0 3.68 2.13 1.90
G3 1.2 3.67 2.14 1.90
A3 2.7 3.69 2.12 1.90
2411797 G) 5.9 3.69 2.35 1.90
11 S8 1.67 2.33 1 90
Gl 33 3.67 2,31 1.90
A3 5.5 3.67 2.30 1 90
219:97 Gl 10.2 374 2.69 2.00
J1 10.1 3.70 2.08 2.00
G3 10.4 3.69 2.66 2.00
A2 11.3 3.66 2.70 1.90
2/26/97 Gl 9.1 350 2.44 1.80
1) 93 3.53 2.47 1.90
G3 9.1 3.53 2.46 1.90
A? 9.0 3.54 2.46 1.90
3/9/97 Gl J33 3.64 2.82 1.90
12 13 1 3.63 2.8) 1.90
G3 13.1 3.60 2.79 1.90
CS5 12.8 3.60 2.76 1.90
A2 12.8 3.60 2.76 1.90
3712797 G) 14.5 3.61 2.89 1.90
12 14.0 362 2.86 1.90
G3 14.1 3.6l 2.86 1.90
Cs 15.1 3.59 2.91 1.90
A2 15.4 3.59 293 1.90
3719197 Gl 16.0 3.69 3.06 2.00
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12 16.8 3.66 3.08 1.90

G3 18.0 3.64 318 1.90

Cs 18.4 3.61 3.15 1.90

A2 15.8 3.67 3.02 1.90

El 14.5 3.66 2.92 1.90

32697 | Gl 222 3.58 3.40 1.90
12 21.3 3.61 3.35 1.90

G3 20.2 3.62 3.29 1.90

Cs 17.1 3.65 3.10 1.90

A2 19.6 3.6l 3.23 1.90

El 20.7 3.60 3.30 1.90

41297 Gl 18.1 3.69 321 2.00
J2 17.3 3.70 3.16 2.00

G3 17.5 3.70 3.17 2.00

Cs 18.0 3.69 3.20 2.00

A2 19.2 3.67 3.27 1.90

El 18.2 3.69 3.21 2.00

4/9/97 G) 12.6 3.69 2.82 2.00
12 12.6 3.67 2.79 1.90

G3 12.5 3.67 2.79 1.90

(&5 13.0 3.67 2.83 1.90

A2 13.6 3.66 2.87 1.90

El 13.0 3.67 2.87 1.90

411297 [ Gl 107 3.56 259 1.90
12 10.6 3.59 2.60 1.90

G3 10.6 3.57 2.58 1.90

Cs 10.7 3.57 2.59 1.90

| A2 10.9 3.55 2.59 1.90
; El 10.5 .56 2.57 1.90
| 4/16/97 | Gl 17.1 3.54 3.01 1.90
52 16.2 3.48 2.90 1.90

G3 17.0 3.52 2.98 1.90

CS 18.4 3.52 3.08 1.90

A2 18.8 3.51 3.09 1.90

E) 18.0 353 3.06 1.90

42397 | G) 18.8 1.58 3.16 1.90
12 19.4 3.53 316 1.90

i3 20.9 3.52 3.24 1.90

Cs 209 3.52 3.24 1.90

A2 19.5 3.55 3.17 1.90

El 19.1 3.54 3.4 1.90

430197 | G 19.1 3.56 3.15 1.90
12 18.7 3.55 3.1 1.90

G3 18.6 3.54 300 1.90

(& 19.3 3.54 3.5 1.90

A2 19.0 3.54 313 1.9

Ll 185 3.54 3.10 1.90

$:7:97 G! 22.2 148 3.30 | .80
12 233 347 3.35 1.80

G3 22.9 345 3.3 1.80
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Cs 22.8 3.45 3.30 1.80

A2 23.4 3.45 3.34 1.80

El 23.4 3.45 3.34 1.80

/47197 Gl 22.9 3.45 3.31 1.80
12 225 3.44 3.27 1.80

G3 233 341 3.30 1.80

Cs 237 3.40 3. 1.80

A2 24.3 3.40 3.36 |.80

El 233 341 3.30 1.80

6.11:9? Gl 24.4 3.43 3.39 1.80
J2 24.5 3.39 3.36 1.80

G3 237 3.39 3.31 1.80

CS 239 3.37 3.30 1.80

A2 27.6 3.29 1.45 .70

El 26.5 3.34 343 1.70

6/12/97 Gl 30.5 3.38 373 (.80
12 29.8 3.37 3.68 .80

G3 29.0 3.37 3.62 (.80

Cs 29.3 3.30 3.63 .70

A2 30.4 3.34 3.68 .70

El 313 3.35 3.74 (.70

0/13/97 Gl 237 3.38 3.29 1.80
2 23.8 3.34 3.26 1.70

G3 240 3.35 3.28 1.80

CS 24.1 3.34 3.29 1.80

A2 239 3.33 3.26 1.70

El 23.9 3.36 3.29 .80

6:19/97 Gl 27.7 3.32 149 1.70
J2 21.6 .20 3.46 1.70

G 20.2 3.3 3.40 1.70

5 266 ORY 341 1.70

A2 28.2 3.29 3.50 1.70

E) 2890 328 3.52 1.70

7/9i97 Gi 318 3.31 3.72 1.70
12 0.8 3.29 3.66 1.70

G3 29.9 3.31 3.62 1.70

Cs 31.3 3.27 3.68 1.70

A2 33.4 3.22 3.78 1.70

El 324 3.27 373 1.70

7:30197 G) 297 32 3.38 1.60
]2 29.2 331 335 1.60

G3 29.5 3.1 3.38 1.60

Cs 309 3.09 343 1.60

A2 30.9 3.10 3.46 1.60

El 311 3.10 3.4 1.60

8/7/97 Gl 26.7 3.8 3.25 1.60
J2 249 34 3.14 1.60

G3 24.5 312 3.09 1.60

C5 269 - 3.07 3.20 1.60

A2 27.2 3.08 32) 1.60
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El 30.1 3.03 333 1.60
8:20/97 Gl 311 297 3] 1.50
J2 31.3 299 3.34 1.50
G3 LS 2.94 3.31 1.50
CS 31.4 2.98 3.31 1.50
A2 30.2 3.0l 3.31 1.60
El 30.6 3.00 3.32 1.50
8/30/97 Gl 311 297 332 1.50
12 30.5 3.00 3.32 1.50
G3 30.6 3.01 3.33 1.50
C5 30.2 3.00 3.29 1.50
A2 320 292 3.3% 1.50
El 31.7 2.93 3.32 1.50
9/14/97 Gl 31.8 3.02 3.40 1.50
G3 31.8 2.97 335 .50
A2 30.7 3.0) 3.33 1.50
10/2/97 G) 27.0 3.03 3.14 L.60
12 259 3.00 3.06 1.60
G3 247 3.00 298 1.60
C5 235 3.0] 2.95 1.60
A2 249 2.99 298 1.60
Ej} 29.0 2.90 3.12 1.50
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Table A. 25. Supernatant EC and temperature - average results

Date | Temp.°C |EC @ 25°C | EC |Salinity
dS/m dS/m

9/4/96 | 28.10 3.57 3.78 | 1.90
9/10/96 | 30.90 3.56 396 | 1.90
9/17/96 | 21.60 3.61 3.38 | 1.88
9,25/96 | 21.50 3.61 337 | 1.90
1073/96 | 21.37 3.55 3130 | 1.87
10/20/96 | 16.50 3.59 3.00 [ 1.90
10/24/96 | 17.25 3.49 293 1.83
11/8/96 | 12.18 3.47 262 | 1.80
11/17/96| 11.18 3.42 253 [ 1.80
11:25/96 | 6.83 3.45 226 | 1.80
12/7/96 |  7.24 3.44 228 | 1.80
12/14/96| 10.15 3.37 242 | 1.80
1/30/97 | 2.78 3.70 2.13 | 1.93
2/11/97 | 5.68 3.68 232 | 1.90
2/19/97 | 10.50 3.70 267 1.98
2/26/97 | 9.13 3.53 246 | 1.88
3/9/97 13.02 3.61 279 [ 1.90
3/12/97 | 14.62 3.60 289 [ 1.90
3/19/97 | 16.58 3.65 3.06 | 1.92
[ 372007 | 20.18 3.61 3.28 | 1.90
4.2/97 18.05 3.09 320 [ 1.98
4997 12.88 3.67 283 1.92
49297 | 10.67 3.57 259 | 1.90
/16/97 | 17.58 3.52 3.02 1.90
4/23/97 | 19.77 3.54 318 | 1.90
4/30197 | 18.87 3.54 3121 1.90
5/7/97 | 23.00 3.46 332 1.80
6:4/97 | 2337 3.42 331 | 1.80
6/ 1Y7 | 2500 3.37 337 | 1.77
6/12/97 | 30.05 3.36 3.08 | 1.75
6/13/97 | 2390 3.35 328 | 1.77
619/97 | 27.53 3.30 346 | 1.70
7/9/97 | 31.58 3.28 3.69 | 1.70
7/30/97 | 30.22 3.10 340 | 1.60
8/7/97 | 26.72 3.10 3.20 | 1.60
8/20/97 | 31.02 2.98 3.32 | 1.52
8/30/97 | 31.02 | 297 3.31 | 1.50
9:14/97 | 31.43 3.00 3.36 | 1.50
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102/97 [ 25.83 ]

2.99

| 3.04 | 1.58 |

Table A. 26. Composition of Diets (1b/2000 1bs. Mix)

{neredients Boars Sows & Litters | Nursery Growers Finisher Finisher
50-1251bs 125-175 lbs 125-175 lbs

Soybean Meal 48% 220 350 550 564 120 320

Corn 1611 1392 1379.7 13797 1631 1631

Tylan 40 | 0 2.5 2.5 | |

Copper Sulphate 2 0 1.6 2 2 2

Calcium Carbonate 15 17 12 14.8 15 I3

Vitamin Premix B 6 S S S

Dicalcium phosphate 19 3s 38 25 19 Y

Salt 7 10 8.4 7 7

Lysine 0 3

CTC-s0 4

Psyllium 6

Soy Ol 80

Fish Mcal 50

Whey, Dehydrated 50
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APPENDIX B

600-Sow Breeding, Farm, LeFlore County
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the lagoon ‘ Lagoon
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Breeding and Farrowing
Gestation Unit Unit

Drainage to
the lagoon

Figure B. |. System schematic of the 600- sow breeding farm, LeFlore County
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Table B. 1. Farm values for inass and volume'.

Pigs wt. |Total wt.[ TS VS | Manure

Type # of pigs | lbs/each s Ibs/day | Ibs/day | Volume
ft'/day
Boars 12 400 4,800 | 9.12 8.16 1.56
Gilts 25 250 6,250 | 20.5 18.25 3.25
Gestation Sow 393 300 117,900 | 294.75 | 255.45 | 51.09
Sows & Litters 84 375 31,500 | 218.4 | 193.2 | 34.44
Total 514 160.450 | 542.77 | 475.06 | 90.34

' Hamilton et al. (1997).

Table B. 2. Drinking channels operational time.

Operating Time

Hour (nin.)
6:00 aam. [5
8:00 a0
10:00 5
12:00 p.m. 15
2:00 15
3:30 15

4:00 feed
_ 5:00 30
7:00 15
9:00 15
11:00 15
6:00 15
Total 195




Table B. 3. Lagoon bank survey data (f1).

Location |BS| HI | FS | Elevation
BM 4.21104.2 100
Top of post 637 97.83
A 4.68| 99.52
B 3.92| 100.28
C 391 100.29
D 391 | 100.29
spillway | 6.08| 98.12
spillway 2 5.89( 98.31
spillway 3 597 98.23
spitlway 4 595 98.25
spiliway S 0.)8] 9802
spillway 6 0.55| 97.65
water level 7.63 1 96.57
E 3.06 | 100.54
F 5201 99.00
'G 5.54 | 98.66
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Figure B. 2. Layout of the Jagoon survey.
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Table B. 4. Depth data at 0 + 70 dunng the survey in May 23, 1996.

Distance | Sludge depth | Lagoon depth | Sludge thickness
ft ft ft
0 waterline
10 2.70 3.10 0.40
20 6.00 6.40 0.40
30 6.90 7.35 0.45
40 9.00 9.20 0.20
50 8.80 9.30 0.50
60 8.20 9.30 1.10
70 8.30 9.15 0.85
80 8.40 9.10 0.70
90 8.20 9.00 0.80
100 8.00 8.30 0.30
110 6.70 6.90 0.20
120 3.00 3.90 0.90
125 2.20 2.70 0.50
135 waterline

Table B. 5. Depth data at 1 + 40 during the survey in May 23, 1996.

Dislance | Sludge depth | Lagoon depth | Sludge thickness
ft ft ft

| 0 waterline
10 2.20 3.00 0.80
20 5.80 5.90 0.10
30 8.55 8.55 0.00
40 9.10 9.30 0.20
50 9.40 9.50 0.10
60 9.50 9.60 0.10
70 9.50 9.70 0.20
80 9.00 9.70) 0.70
90 9.00 9.50 0.50
100 8.40 9.30 0.90
J10 7.10 7.90 0.80
120 5.00 3.00 0.60
130 1.80 2.40 0.60
135 waterline
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Table B. 6. Lagoon depth and sludge accumulation values taken in May 23, 1996.

0+70 1 +40 Lagoon
AVE| SD | CV |AVE| SD | CV |AVE| SD | CV
Lugoon depth, ft 90.05 ]| 035 | 004|951 ]017]002] 940|022 | 0.02
Sludge depth, ft 8.48 | 0.34 1 0.04 | 925 | 0.24 | 0.03 | 8.87 | 0.49 | 0.00
Sludge thickness, ft | 0.69 | 0.34 [ 0.45 | 0.30 | 0.24 | 0.80 | 0.49 | 0.34 | 0.08

Table B. 7. Depth data at 0 + 70 during the survey in May 13, 1997.

Distance | Shudge depth | Lagoon depth | Sludge thickness
ft ft fi
0 waterline
10 1.90 3.30 1.40
20 4.40 5.05 1.25
30 6.70 8.30 1.60
40 8.40 9.40 1.00
50 8.30 9.35 .05
|60 8.90 9.08 0.78
L 8.10 9.67 157
Y80 8.30 9.04 1.34
90 8.50 9.70 "| 1.20
100 8.30 9.10 ' 0.80
110 6.30 7.34 1.04
120 4.00 4.90 (.90
130 1.10 1.97 | 0.87
139 waterline |
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Table B. 8 Depth data at 1 + 40 during the survey in May (3, 1997.

Distance | Sludge depth | Lagoon depth | Sludge thickness
fl ft ft

0 waterline

10 1.80 4.03 223
20 5.60 0.37 0.77
30 7.50 8.64 1.14
40 9.60 9.75 0.15
S0 8.80 9.70 0.90
60 9.00 9.75 0.75
70 9.60 9.82 0.22
80 9.40 9.72 0.32
90 9.50 9.84 0.34
100 9.00 9.50 0.50
110 7.80 8.30 0.50
120 4.70 5.43 0.73
130 2.00 2.88 0.88
140 waterline

Table 8. 9. Sludge production valucs of May 13, 1997.

0+ 70 I +40 Lagoon
AVE| SD | CV |AVE| SD | CV |AVE| SD | CV
Sludge depth, ft 840 1025 [0.03 [9.27 |0.33 |0.04 | 884 | 053 |0.06
Sludge thickness, ft | 1.1 [0.29 | 0.26 [ 0.65 | 0.30 | 0.46 |0.87 | 0.37 |0.42




Table B. 10. Increase in sludge accumulation during 360 days of operation.

Transect at Transect at Bottom [ncrement
0+70ft 1 +40 1 Nat region between
(f1) (fO) (ft) transects
(%)
1996 0.69 0.30 0.49 57
| 1997 111 0.65 0.87 41
[ Increment (%) 61 117 78

Table B. 11. Side slope sludge production (ft).

1996 1997
Ave | SD | CV | Ave | SD | CV
0+ 70 048 [ 0.23 1049 | 1.12 | 6.29 | 0.26
) + 40 1 0.48 | 035 | 0.72 ] 1.01 | 0.66 { 0.05
Ave. Side Slope | 048 | 0.28 | 0.39 | 1.10 | 0.49 | 0.45

Table B. 12. Studge volumc production,

Sludge Sludge Volume Volume
thickness thickness Bottom Side
Bottom (ft) Side (ft) (f¢) (fth
1996 0.46 0.48 4,349 8,903
1997 0.87 [.10 7918 22,165
Increment 0.41 0.62 3,569 13,262
B Total sludge volume 16,831
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Table B. 13. Observed lagoon liquid level (f1).

Date Liquid level
11/21/96 9.50)
12/02/96 10.17
12/04/96 9.25
01/01/97 9.83
01/03/97 9.17
02/08/97 10.0
02/11/97 9.17

1 02/19/97 9.50
| 02/27/97 9.92
"03/07/97 8.83
03/14/97 9.17
03/21/97 9.33
03/28/97 9.60)
04/04/97 9.80
04/12/97 9.83
04/17/97 9.17
04/25/97 9.25
05/02/97 9.42
05/09/97 9.58
05/13/97 9.75
05/16/97 9.58
05/23/97 9.67
05/30/97 9.75
06/06/97 9.83
06/13/97 10.0
06/15/97 9.83
06/17/97 10.17
06/20/97 9.50
07/09/97 9.83
07/10/97 9.33
07/30/97 9.67
08/02/97 8.50
| 09/22/97 9.50




Table B. 14. Precipitation data (in)

Date | Precipitation
11/24/96 2.70
11/25/96 0.80
11/29/96 0.80
11/30/96 0.20
12/4/96 0.40
12/14/96 0.60

1/1/97 0.30

2/3/97 0.90
2/7197 1.00
2/13/97 0.20
2/20/97 1.00
2/21/97 1.30
2/26/97 0.70
3/1/97 1.40
3/2/97 0.60
3/13/97 1.00
3/25/97 0.70
4/5/97 1.50
4/11/97 0.60
4/22/97 0.40
4/23/97 0.30
4/27/97 0.90
5/8/97 0.30
5/9/97 0.40
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Date | Precipitation
5/124/97 0.60
5/25/97 0.50

6/9/97 0.80
6/12/97 0.90
6/13/97 0.30
6/15/97 0.90
6/16/97 2.40
6:21/97 0.25
6/28/97 0.50
6/29/97 0.70
6/30/97 0.25
7710/97 0.30
7.22/97 0.40
7/29/97 1.00

8/6/97 0.80

8/7/97 0.40
8/13/97 0.20
8/17/97 1.60
8/18/97 1.30
8/22/97 0.30

9/8/97 0.60
9/13/97 0.70
9/14/97 0.10
9/15/97 0.70




Table B. 15. Imgation data.

Irrigation | Beginning Ending Beginning Ending Volume
Date | Liquid Level | Liquid Level Volume Volume Pumped
(ft) (f1) (ft) (") (ft')
12/2/96 10.17 159,568
12/4/96 9.25 138,248 21,320
01/01/97 9.83 151,506
01/03/97 9.17 136,468 15,038
02/08/97 10.0 155,510
02/11/97 9.17 136,468 19.042
02/27/97 9.92 153,619
03/07/97 8.83 129.030 24,589
04/12/97 9.83 151,506
04/17/97 9.17 136,468 15,038
05/13/97 9.75 149,641
05/16/97 9.58 145,716 3,925
| 06/13/97 10.0 155,510
| 06/15/97 9.83 151,506 4,004
06/17/97 10.17 159,568
06:20:97 0.50) 143,887 15,681
07:0997 9.83 151.506
071097 9.33 140,040 11,466
L 07:30/97 9.67 147,787
08/02/97 8.50 122.009 25,778
' Total effluent volume pumped 155,881
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Table B. 16. Level of feed consumed daily,

Animal No. of Dry Feed Total
cach Ibs./day Ibs/day
Breeding and Gestation Unit
Boar 12 5 60
Gilt 25 5 125
Gest Sow 303 5 1,965
Farrowing Unit

Sow Litter 84 10 840

Table B. 17. Values of calcium and sodium in diets.

Units Ca’", % Na', %
Brecding and Gestation 1.15 0.75
Farrowing 1.10 0.80

Table B. 18. Observed EC measurements from lagoon supernalant.

Date EC, dS/m
11/21/96 4.73
03/26/97 5.63
05/13/97 613
(09/23/97 5.0l
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APPENDIX C

600-Sow Breeding, Farm, Pottawatomie County
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Figure C. 1. Systemy schematic of the 600- sow breeding farm, Pottawatomie County.
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Table C. 1. Farm values for mass and volume'.

[ Pigs wt. [Total wt.| TS VS Manure

Type # of pigs | Ibs/each lbs Ibs/dayv | lbs/day | Volume
ft'/day
Boar 6 400 2,000 3.80 3.40 0.65
Gilt 1S 250 3,750 12.30 10.93 1.95
Gest Sow 480 300 144,000 | 360.0 312.0 62.40
Sow + Litter ; 120 375 45,000 | 312.0 276.0 49.20

|
Total | 0620 | 194,750 | 688.1 | 602.35 | 114.20

" Hamilton et al. (1997).
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Table C. 2. Underfloor storage pits capacity.

Freshwater | Manure and Total
orrecycled | wastewater capacity
effluent (ft') (%)
()
Farrowing 5,537 3.164 8.70]
Gestation 3,710 2120 5,830
Breeding 3,710 2120 5,830
Total 12,957 7,404 20,361
% of Total 64 % 36 %
Table C. 3. Lagoon survey data (ft).
Location | BS HI FS | Elevation
BM 1.18 | 101.18 100
A 1,991 99.19
B8 4.09| 97.10
spillway | 532 95.87
spijlway 2 S3I| 95.88
spiilway 3 534 9585
spillway 4 543 9576
spillway S 557 95.62
waler level 6,31 94.88
C 348 | 97.71
E 3241 97.99
F 3.00| 98.19
G 3.88| 97.31
top of post 6.0t 95.18
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Table C. 4. Depth data at 0 + 80 ft during the survey in May 21, 1996.

Distance | Sludge depth | Lagoon depth | Sludge thickness
fi ft ft

0 waterline

10 3.80 4.20 0.40
20 7.20 7.50 0.30
30 8.20 8.30 0.10
40 8.20 8.45 0.25
50 7.80 8.40 0.60
60 7.90 8.40 0.50
70 8.50 8.90 0.40
80 8.30 9.00 0.70
90 8.20 8.90 0.70
100 8.00 8.50 0.50
110 7.00 7.30 0.30
120 3.35 3.35 0.00
126 waterline

Table C. 5. Depth data at | + 60 ft during the survey in May 21, 1996.

Distance | Studge depth | Lagoon depth | Sludge thickness
| 1 ( ft
0 | waterline
10 3.80 3.80) 0.00
20 7.20 7.65 ().45
30 7.70 8.20) 0.50
40 7.90 8.30 0.40
S0 7.80 8.15 0.35
60 8.00 8.40 0.40
70 7.80 8.30 0.50
80 ! 7.90 8.30 0.40
90 7.80 8.35 0.55
100 7.60 8.00 0.40
110 6.50 6.90 0.40
120 2.90 2.90 0.00
128 wateriine
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Table C. 6. Statistical analysis for the depth data taken in May 21, 1996.

0+ 80 ft 1 +60 fi Lagoon
AVE| SD | CV |AVE| SD | CV | AVE| SD | CV
Lagoon depth, ft 8.65 | 027 | 0.03 | 825 | 0.13 | 0.02 | 846 | 0.27 | C.03
Sludge depth, ft 8.14 | 029 | 004 | 7.88 | 0.08 | 0.01 | 7.98 | 0.24 | 0.03
Sludge thickness, ft | 0.49 | 0.17 | 0.35 ] 0.30 | 0.24 | 0.80 | 0.45 | 0.15 | 0.34

Table C. 7. Depth data at 0 + 80 ft during the survey in May 15, 1997.

Distance | Sludge depth | Lagoon depth | Sludge thickness
fi It fl

0 waterline

10 3.70 4.53 0.83
20 6.16 7.22 1.06
30 6.80 7.80 1.00
40 6.70 7.83 1.13
50 6.70 7.97 1.27
60 6.75 8.05 1.30
70 7.00 8.40) 1.40
80 6.70 8.30 1.60
90 6. 70 845 1.75
100 6.60 7.96 1.36
110 5.60 6.24 0.64
120 1.90 2.44 0.54
125 | waterline
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Table C. 8. Depth data at 1 + 60 ft during the survey in May 15, 1997.

Distance | Sludge depth | Lagoon depth | Sludge thickness
ft ft ft
0 waterline
10 3.20 3.78 0.58
20 6.00 7.00 1.00
30 6.70 7.72 1.02
40 6.60 7.64 1.04
S0 6.50 7.49 0.99
60 6.50 7.73 1.23
70 6.60 7.70 1.10
80 6.65 7.68 1.03
90 6.60 7.80 1.20
100 6.30 7.30 1.00
110 5.00 6.30 1.30
120 1.20 1.80 0.60
124.7 waterline

Table C. 9. Stalistical analysis for the depth data taken in May 15, 1997.

0 + 80 ft | 160 f Lagoon
AVE| SD | CV |AVE| SD | CV [AVE| SD | CV
Sludge depth, ft 6.76 | 0.11 [ 002 | 659 |0.07 |0.01 |6.68 |0.13 |0.02
| Sludge thickness, ft | 1.35 [ 0.26 | 0.19 | 1.09 10.09 [0.09 [1.22 |0.23 |0.19
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Table C. 10. Vanation in sludge accumulation during 360 days of operation.

Transect at Transect at Increment
0-+80ft 1+ 60 ft (%)
(f1) (ft)
1996 0.49 0.30 39%
1997 1.35 1.09 19 %
Increment (%) 175 % 263 %

Table C. 11. Side slope sludge production.

1996 1997
Ave | SD | CV [ Ave | SD | CV
0+ 80 ft 0.25]0.17 {069 | 0.77 [ 0.23 | 0.30
1-60ft 0.20 [ 0.23 | 1.15 [ 0.87 | 0.35 [ 0.40
Ave. Side Slope | 0.23 | 0.19 | 0.88 | 0.82 [ 0.28 | 0.34
Table C. 12. Sludge volume preduction.
Sludge Sludge Bottom Side Slope
thickness thickness Volume Volume
Bottom (ft) Side (ft) (1)) (ft%)
1996 0.45 0.23 6,948 2,719
1997 1.22 0.82 19,592 12,397
Increment 0.77 0.59 12,644 9,678
Total 22,322
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Table C. 13. Lagoon liquid level data (R)

Date | Elevation Date | Elevation
5/21/96 8.46 11/23/96 7.42
5/25/96 8.66 11/28/96 | 8.00

6/1/96 9.00 11/30/96 8.42
6/8/96 9.00 12/7/96 9.00
6/15/96 8.00 12/14/96| 9.00
6/22/96 8.00 122196  9.00
6/29/96 8.00 12/28/96 9.00
7/6/96 8.00 1/4/97 9.00
7/13/96 8.00 1/11/97 9.00
7/20/96 8.42 L/18/97 8.17
7/27/96 8.45 1725/97 8.25
8/3/96 9.00 2/1/97 8.33
8/10/96 9.00 2/8/97 8.50
8/17/96 9.00 2/15/97 8.75
8/24/96 9.00 2/22/97 9.00
8/31/96 9.00 3/1/97 9.00
9/7/96 5.00 3/8/97 8.75
9/14/96 9.00 3/11/97 8.75
9/21/96 8.00 3/18/97 9.00
9/28/96 8.00 4/19/97 9.00
10/5/96 8.00 4/22/97 8.58
10/12/96| 8.00 4/28/97 8.50
10/19/96 7.42 515/97 8.33
10/28/96 7.42 5/6/97 8.25
112796 7.42 5/13/97 8.00
11/9/96 7.42 5/15/97 8.00
11/16/96 7.42

Table C. 14. Operation of liquids throughout the lagoon.

Stmulation Recycle Effluent Pit Recharge
Period for Pits (%) Frequency (days)
05/21/96 - 08/02/96 0 21
08/03/96 - 11/23/96 100 21
11/23/96 - 12/05/96 0 7
12/06/96 - 01/17/97 100 7
01/18/97 - 03/17/97 0 21
03/18/97 - 05/15/97 100 21
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Table C. 15. Imgation data.

Imgation | Beginning | Ending | Beginning | Ending | Volume
Date | hquid level | liquid level [ Volume | Volume | Pumped
(R) (ft) (ft) () (R
6/8/96 9.00 208,070
6/15/96 8.00 177,040 | 31,030
9/14/96 9.00 208,070
9/21/96 8.00 177,040 | 31,030
10/12/96 8.00 177,040
10/19/96 7.50 162,335 | 14,705
1/11/97 9.00 208,070
1/18/97 8.17 182,059 | 26,011
4/19/97 9.00 208,070
4/22/97 §8.58 194,771 | 13,299
4/28/97 8.50 192,282 | 2,489
5/5/97 8.33 187,039 | 5,243
5/6/97 8.25 184,594 | 2,445
5/13/97 8.00 177,040 | 7,554
Total lagoon effluent pumped 133,806
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Table C. 16. On-site precipitation data (in)

Date | Precipitation
5/26/96 0.2
6/1/96 2.0
6/6/96 1.3
6/7/96 1.9
7/2/96 0.1
7/8/96 0.1
7/9/96 1.0
7/10/96 1.0
7/11/96 0.5
7/12/96 (.0
7/14/96 1.7
7/23/96 0.1
7/24/96 0.3
7/26/96 1.5
7/30/96 1.0
8/2/96 2.0
8/11/96 1.0
8/12/96 2.0
8/17/96 0.5
8/25/96 0.1
8/26/96 0.2
8728190 1.5
9/15/96 0.5
9/18/96 0.5
9725196 0.5
9/26/96 1.5
10/22/96 0.6
10/27/96 1.0
10/31/96 2.0
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Date | Precipitation
11/6/96 1.7
11/18/96 1.5
11/25/96 0.25
11/28/96 1.0
2/6/97 0.6
2/7/97 0.8
2/20/97 2.5
2/26/97 1.0
3/1/97 0.5
3/7/97 0.7
3/8/97 0.2
3/28/97 2.0
4/1/97 1.0
4/11/97 1.5
4/24/97 1.0
4/25/97 1.5
5/2/97 1.0
5/8/97 1.5
5/9/97 0.5
5/125/97 1.0
6/9/97 1.0
6/11/97 0.01
6/12/97 1.5
6/16/97 1.5
6/28/97 1.0
6/29/97 1.0
7/4197 0.01
7/14/97 0.01




Table C. 17. Level of feed consumned daily.

Ammal No. of Dry Feed Total
each Ibs./day Jbs/day
Breeding and Gestation Unit
Boar 6 5.5 33
Gilt 15 55 82.5
Gest Sow 480 5.5 2,640
Farrowing Unit
Sow Litter 120 13 1,560

Table C. 18. Observed EC measurements from lagoon supematant.

!

Date EC, dS/m
05/21/96 6.88
12/17/96 5.88
03/12/97 6.93
07/15/97 7.42
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APPENDIX D

2000-Sow Breeding Farm, Texas County
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Figure D. 1. System schematic of the 2000-sow breeding farm, Texas County
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Table D. 1. Farm values for mass and volume.

Pigs wt. | Total wt. | TS VS | Manure
Type # of pigs | Ibs/each Ibs Ibs/day | Ibs/day | Volume
fi'/day
Boars S0 400 20,000 38 34.0 6.5
Gilts 100 250 25,000 82 73.0 13.0
Gestation Sow 2,012 300 603,600 | 1,509 | 1307.8 | 261.6
Sows & Litters 288 375 108,000 749 662.4 118.1
Total 2,450 756,600 |2,377.82,077.2| 399.14
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Table D. 2. Depth data duning the survey in May 22, 1997,

Distance | Sludge depth | Lagoon depth | Sludge thickness

0 waterline

10 2.40 2.80 0.40
20 4.20 5.20 1.00
30 5.40 6.55 115
40 5.40 6.55 1.15
50 5.50 6.55 1.05
60 5.70 6.60 0.90
70 5.60 6.50 0.90
80 5.70 6.50 0.80
90 5.50 6.45 0.95
100 5.50 6.50 1.00
110 5.60 6.45 0.85
120 5.60 6.50 0.90
130 5.60 6.45 0.85
140 5.50 6.50 1.00
150 5.80 6.50 0.70
160 5.80 6.50 0.70
170 5.80 6.65 0.85
180 6.10 6.70 0.60
190 06.10 6.68 0.58
200 6.00 6.70 0.70
210 6.00 6.70 0.70
220 5.80 6.70 0.90
230 5.70 5.78 0.08
240 6.00 6.90 0.90
250 5.70 6.60 0.90
260 5.80 6.50 0.70
270 5.60 6.00 0.40
280 4.90 4.90 0.00
290 3.20 3.20 0.00
310 waterline
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Table D. 3. Irmigation data.

Beginning | Ending Date Volume
Date Pumped (ft*)
/29/96 10/3/96 427,298

12/27/96 12/29/96 93,453
02/17/97 02/18/97 34,853
02/19/97 02/21/97 64,240
03/07/97 03/09/97 49,933
05/16/97 05/18/97 131,209
06/18/97 06/20/97 214,758

Table D. 4. Precipitation data (in).

Month/Year | Monthly precipitation
2/96 0
3/86 0
4/96 0
5196 4.60
0/96 1.8
7/96 7.1
8/96 5.7
9/96 33
10/96 1.6
11/96 3.65
12/96 0.10
1/97 1.0
2/97 1.0
3/97 0
4/97 4.35
5/97 3.10
6/97 0.7
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Table D. 5. Observed lagoon liquid level (ft).

Date |Liquid level
fi
5/15/96 0.6
6/1/96 1.3
6/15/96 1.3
| 7/1/96 33
| 7/15/96 53
| 8/1/96 7.3
8/15/96 7.3
9/1/96 7.3
9/15/96 7.3
10/1/96 7.3
10/15/96 9.8
11/1/96 9.8
11/15/96 9.3
12/1/96 9.3
12/15/96 7.3
3/1/97 9.3
3/15/97 3.8
4/1/97 6.3
4/15/97 6.8
5/1/97 6.3
5/15/97 7.8
6/1/97 7.3
| 6/15/97 7.8
| 71197 6.3
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APPENDIX E

Calculations for the Sensitivity Apnalysis
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Table E. 1. Mean solar radiation for cloudless skies (R,,)

Month 0% -10% +10%
1 14.95 13.45 16.44
2 19.55 17.59 21.50
3 24.58 22.12 27.03
4 29.31 26.37 32.24
5 32.1) 28.89 35.32
6 33.49 30.14 36.83
7 32.95 29.65 36.24
8 30.14 27.12 33.15
9 25.25 22.72 27.77
10 20.52 18.46 22.57
11 15.91 14.3) 17.50
12 13.52 12.16 14.87

Table E. 2. Energy storage factor (f)

Month 0% -10% +10%
) 0.4 0.30 0.44
2 0.38 0.342 0.418
3 0.36 0.324 0.396
4 0.32 0.288 0.352
5 0.3 0.27 0.33
6 0.24 0.216 0.264
7 0.12 0.108 0.132
8 0.1 0.09 0.11
9 0.05 0.045 0.055
10 0.01 0.009 0.011
il 0.05 0.045 0.055
(2 0.3 0.27 0.33
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APPENDIX F

Inorganic Salts Analysis

243



Table F. 1. Nutrient composition of four swine anaerobic lagoons.

Sample No. Sample Ca™ Mg K Na’ EC
ldentification my/L mg/L mg/L mg/L dS/m

] COSU05179602 66 23 380 176 3.69

2 COSU05179604 67 22 443 202 4.11

3 COSU05179606 66 36 375 171 3.63
4 COSU05179608 63 32 377 170 3.65
S SOSU051796.5 53 24 444 195 2.98
6 SOSU05179603 48 32 418 184 3.12
7 SOSU05379605 49 16 445 194 3.01
8 SOSU05179608 56 13 519 253 5.41
9 COSU101096.5 45 12 425 186 3.03

| 10 COSU10109603 50 24 420 196 3.00
1] COSU10109605 57 40 440 191 2.90

12 SOSU05259704 59 23 414 179 3.28
13 COSU05259701 60 27 414 180 3.32
14 COSU05259704 60 28 417 180 3.36
{5 SBJ0522970] 74 15 544 203 6.42
16 SBJ05229704 73 15 547 204 6.45

| 17 SBF05229704 88 20 378 179 5.39
| 18 SS12179602 38 4 534 260 4.84
i 19 SS121796.5 51 38 418 182 3.26
20 $505149701 61 8 674 290 7.37
21 SS05149704 63 8 677 291 7.40
22 J005139701 62 31 559 236 5.90
| 23 JO05139704 61 29 559 234 5.91

Sample No. 1 to 14 were taken at OSU. sample 15 to 17 were taken at Goodwell, samples 18 to 21
were taken at Shawnee, and samples 22 and 23 were taken at Poteau. The number after the date
indicates the depth (ft) at which the samples were collected.




Table F. 2. Coefficient of determination between EC and metal cations.

Combinations r

Ca 0.21
Mg 0.29
Na 0.59
K 0.73
CaMg 0.53
CaNa 0.91
CaKk 0.93
MgNa 0.59
MgK 0.74
NaK 0.74
CaMgNa 0.91
CaMgK 0.94
MgNaK 0.75
CaNaK 0.94
CaMgNaK 0.94
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APPENDIX G

Calculation of the Level of Cations in Feed
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Table G. 1. Selected element content in ration (Ibs/day)

Animal Ingredients Ca™ Na* K* Mg

Boars Dicalcium phosphate 0.01 0.00 0.00 0.00

Calcium Carbonate 0.02 0.00 0.00 0.00

Com 0.00 0.00 0.02 0.01
Soybean Meal 48% 0.00 .00 0.02 0.00
Salt 0.01

Total lbs/day-AH 0.03 0.0] 0.03 0.01
Total Ibs/day 0.15 0.05 0.17 0.0

Sows & Litters|Dicalcium phosphate 0.02 0.00 0.00 0.00

Calcium Carbonate 0.02 0.00 0.00 0.00

Com 0.00 0.00 0.01 0.01
Soybean Meal 48% 0.00 0.00 0.02 0.00
Salt 0.0l
Fish Meal 0.01 0.00 0.00 0.00
Whey, dried 0.00 0.00 0.00 0.00
Totat Ibs/day-AH 0.05 0.02 0.04 0.01
Total |bs/day 1.14 0.39 0.81 0.23
Nursery Dicalcium phosphate 0.01 0.00 0.00 0.00
Calcium Carbonate 0.00 0.00 0.00 0.00
Com 0.00 0.00 0.00 0.00
Soybean Meal 48% 0.00 0.00 0.01 0.00
Salt 0.00
Total Ibs/day-AH 0.01 0.00 0.01 0.00
Total Ibs/day 1.69 0.50 1.89 0.48

Growers  |[Dicalcium phosphate 0.01 0.00 0.00 0.00

Calcium Carbonate 0.01 0.00 0.00 0.00

Com 0.00 0.00 0.0] 0.00
Soybean Meal 48% 0.00 0.00 0.02 0.00
Salt 0.01

Total lbs/day-AH 0.02 0.01 0.03 0.01
Total 1bs/day 4.30 1.23 5.54 1.38
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Animal Ingredients Ca’ Na’~ K Mg
Finishing 125 - 175 Ibs.[Dicalciumn phosphate 0.0% 0.00 0.00 0.00
Culcium Carbonale 0.0} 0.00 0.00 0.00
Comn 0.00 0.00 0.07 0.01
Soybean Meal 48% 0.00 0.00 0.02 0.00
Salt 0.01
Total lbs/day-AH 0.03 0.01 0.03 0.01
Total Ibs/day 4.43 1.45 4,94 1.50
Finishing 175+ lbs. |Dicalcium phosphate 0.01 0.00 0.00 0.00
Calcium Carbonate 0.02 0.00 0.00 0.00
Comn 0.00 0.00 0.02 0.0]
Soybean Meal 48% 0.00 0.00 0.02 0.00
Salt 0.01
Total Ibs/day-AH 0.03 0.01 0.03 0.01
Total Ibs/day 7.36 2.41 8.20 2.50
Ca™ Na® K' Mg
Amount in swine feed (Ibs/day) 19.07 6.03 2].55 6.15
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APPENDIX H
Computer Program to Estimate Lagoon Liquid Level

and Electrical Conductivity
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This program 1s used to estimate lagoon liquid level and electrical conductivity. The user
of the program can save the output on a (ile in the ASCII format. The output file contain
the following data: weather data, rainfall, runoff, evaporation, seepage, irrigation. recycle,
manure and wastewater, lagoon volume, surface area. liquid level, spillway volume, and
electrical conductivity.

DECLARE SUR LAGOONINFE ()
DEC: ARE SUB ECCALC ()
DECLARE SUB SALTIN ()
DECLARE SLB FEEDIN ()
DECLARE SUB ECINPLT ()
DICY ARE SUBRSPILLCAL 0
DICTARE NERBOUYFILE 4
DFCLARE SUB LAUOONLEVEL 1)
DLCLARE SUB LAGOONMENU? (4
DFCI ARF SUB RERUN ()
DECLARE SUB DRINKING ()
NDCCLARE SUB ANTECEDENT ()
DLCLARE SUB GROWING ()
DECI_ARE SUB NORMANT ()
DECLARE SUB SEEPAGECALC ()
DECLARE SUB EVAPORATION ()
DECLARE SUB NEWDEPTH ()
DECLARE SUB LAGOOND3M ¢}
DECLARE SUB LAGOONINCALC {)
DRECILARE SUR LLAGOONOUTCAL (3
DECLARE SUB RUNOFFCALC ()
DECLARL SUB PRINTOUT ()
DFCLARE SUGB FORMT (3
DECLARE SUB REVISE ()
DECLARE SUB LRRORR ()
DECTARE SUB S ATUHS ()
DICLARE SURB CALC ()
DECLARF SUB DRIPEERSMENU (1
DECLARE SUD RECHARGEMI-NTI ()
DECILARE SUO BEDMENU ()
DFCLARLE SUND PRESETS ()
DECLARE SURB THOGSMENE! ()
DECLARLE SLO FLIISHMENU (4
DECLARLE SUB MISTERSMENT
DIEECT ARE SUB RUNOFIMIENU ()
DEFCT ARE SEB AWASTIMLNLI)
DEACARE NCB W ATERMENT (G
DECLARIL SUB LAGOONMUENU G
DECLARE SUB OUTPUTMEN! " ()
DECLARE SUB IRRIGATION ()
DECLARE SUB RECYCLING ()
DECLARIESUR INPUTMENU ()
DECLARE SUB LAGOONITMECNF ()
COMMON SHARED TMEC, ECMGL, LEC, ECFW, ECL, SCA, SNA, PFI3. PFG. PFGS. PFSL. PFN. PIFGR. ['F125. PF 175,
MTEMP. NUM. DTEMP, DTVOL2, MTVOL2. DTVOLI. WL, WW |, CNC. CND, CNG, CNSW, MO, RAIN, RAINS, Z20). ACIC.
ACID, AC)G, ACISW, L, SEEPAGE, EVAP, wind), _
solarl. AD, TVOLTEST, DRINKVOL., 15, QUITI. LOCATIONS, DATE}. DATE2, SURFAREA2, W, RECYCLE, EVAPLOSS,
EVAPY. LAGOONIN. LAGOONOUT. VOL.WASTEIN, [, RAINFALL, STORAGE, RUNOFFIN, VOI 1LIMt . VOLTOTAL,
SURFAREA, IDS, STATS. templ . ihi. wiad, RAINL, RRAIN, _
CRAIN. DRAIN, GRAIN, RSWA, I'W_ Ti. 8. TD, DL. Of.. MOL. C5. NB. NG NGS, NS, NN, NGROW _ NEINT 25, NFINI7S,
MVRB. MVG MVOS, MUSLMVYN MVYGROW, MVEINE2ZS. MVEINTTE INAN: RIF VOLL PVOL, PIVOL, um. PTIM, WVOL,
WITIM, W I VOL MNE'M MVOT  MEHOLRNS, MTVOS |
MIUEVOL T OVNOL, DNUM, DHODRS, DIVOL, LSV OSVU SV SDV L SAN, REALCTA DTA, GEALTPER, PPER, BTVOL,
IRRIGAT! . IRRIR, I.ST. CST, 87,5031, SAT, TANKS, PIT, TRI, REC. RROL, SPIL 1.VOL., 8]
CALL PRESLTS
ON LRROR GOTO HANDLIE=R

10CLS
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LOCATE &,
LOCATI: S,
LOCATET,
LOCATI Y,
I OCATE 10

LOCATI: 1Y,
LOCATI: J2.
LOCATL 1Y,
LOCATLE N4,
LOCATE S,
IOCATE 16, 28:
LOCATE 17, 28:
LOCATE 19, 22:

PRINT

2K

28.
28:

26" PRINT "OKLAHOMA STATE UNIVERSITY”

14, PRINT "BIOSYSTEMS AND AGRICUL i URAL FNGINELRING DEPARTMENT™
25 PRINT "LAGOON PERFORMANCE PROGRAM"

2K PRINT"A HYDRAULIU ILOADING"

.38
28:
2%.

PRINT "B SAE IN LOADING™

PRIKT “C LEAGOON INFORMATION"

PRINT *D. LAGOON OLUITPUT"

PRINTF WI-ATHER DATTA"

PRINT “F MOISTURE BALANCE”

PRINT “G. PRINTOUT"

PRINT "H. PROGRAM RE-RUN"

PRINT “I. QuI ~

INPUT "ENTER I'HE LETTER OF YOUR CHOICE. ", chisiee1$

IF UCASES{choicel )= "A" THEN

CALL INPUTMENU

GOTO (0
ELSEIF UCAS)${choice]S) = "B" THEN

CALL IFCINPUT

GOTO JO
1 SEIF UCASES(choicel§) = "C” THEN

CALL LAGOUNINEF

GOTO 10
11 SEHTDOASTES(choteeiyy = "D TTHIEN

CALLOUTPUTMENU

GOTO 10
LLLSEIF UCASES(choicelS) = "I-" THEN

CALL WEATERMENU

GOTO 10
ELSEIF UCASES(choicelS)="I"" THEN

CALL CALC

GOTO (0
ELSEF UCASTSS(choicel$) = “G" (HEN

CALL PRINTOU

LOTO W
EILSEIF UCASES(chowcel§) = “H” THEN

CALL RERUN

GOTO 10
ELSLEIF UCASES(choicel$) = "I" THEN GOTO 11
LLSE GOTO 10

END I

1 CLS

LOCATE 12, 15. PRINT “ THANKS FOR USING THF LAGOON PERFORMACE PROGRAM

END

HANDLER:

UALL ERRORR
WHILE INKEYS =" WEND
KRS MENEX

Ol
IS
QUITT

KEY(1)OFF

RIETURN

HOGS

CALL INPUTMENU

RETURN

OUTrUT2

CALL OUTPUTMENU

RETURN

PAUSE-

WIOLE INKEYS ™" WEND
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RETURN

INCREASE:
AD = 50000
KEY(5) OFF
RETGRN

DECRLASE
AD 200000
KI'Y{6: OQFF
RETURN

SUB ANTECEDENT
RAINS ¢
FORJI=0D104

RAINS = RAINS + Z()) SAOAY ANTECEDENT RAINFALL IN INCHLS

NEXT 1

FORJ=4TO | STEP -1

Z0y=20-1

NEXT )

Z(0)=RAIN "RAIN IN INCHES
END sUB

SUB BEDMENU

181 CL§2

LST=0

CST=0

ST=0

S5DT=0

SAT =0

1.LOCATE 8, 20: PRINT "BEDDING MENU"
LOCATE 10,45 PRINT “TONS PER MONTH"
LOCATF 11,20 PRINT “A LONG STRAW*
LOCATE 12.20° PRINT "B CHIOPPED STRAN™
1 OCATE 13,26, PRINT "C SHAVINGS”
TOCATE 14,200 PRINT "D, SAWDUST"
LOUATE 15,20 PRINT “E SAND"

IXG

LOCATE 1720 PRINT "IENTIR P LI TTTER O YOUK C HOICT OR',
LOCATI 18,20 (INPUT “PRESS (R TO RETURN (O INFUIT MENT.

(- LHCANEFSTCHONC RO = "A” THEN GOTO 200
U ASESU NOICEGSy = “BY THEN GOTO 207
IF UCASES(CHOICEGS) U THEN GOTO 208
IF UCASES(CHOICEGS) = "D THEN GOTO 209
IF IICASES(CHROICEGS) = "E* THEN GOTO 301
IF DCASESICHOICE®S) = "R THEN GOTO 302

IF CIOICEGSS = “” TREN GOTO 18! ELSE GOTO 181

206

LOCATE 11, 50: INPUT , LST
LSV =LST * 27

GOTO 186

207

LOCATE 12. 50: INPUT : CST
CSV=CST* 1N

GOTO 186

208

LOCATE 13, 50: INPUT ;ST
Sv=8T1+75§

GO IO 186



209

LOCATE 14, 50: INPI'T . §OT
SDV=SDT *35§

GOTO 186

RIC

FOCATE PRS0 INPUT , SAT
SAV = SAT 7

GOTO I1RG

302
BTVOL =LSV +CSV + SV + SDHV + SAV

END SUB

SuB CALC

RROL = Ol

IF TD =0 THEN ERROR 77

IF DATEI =0 THEN CALL WEATERMIENU

CALL STATUS

DO CNTIL TR ASLCHOICE S, = 7Y"
LOCATE 24,15 INPUT “DO1 S TIHS INFORMATION | OOK CORRISC T (Y/NJ: ", CLHIOICT7S
I 1ICASESICHOICETS s = “N” THEN CALL REVISI:
I LCASES(CHOICETS) = "N THEN CALL STATUS

1.OOP

LS
rRE =0
AD = 150000
A\ LOCATE 12, 30: INPUT “PRINT DATA (YN) “. CHOICEI5$
I BOAST SOOI E15Sy = Y THIN
IRE = |
[PRINT ; SPC2) "DATE", SPC(S). "RAIN SPC(R 1 "EVAP™; SPC () "MANURE™ SPC{2); "RUNOFF™ SPC(2):
“DEPTIE, SPC Y,
“VOLUMI=", SPCU3 7 "IRRICA FION®
LPRINT . SPCUI2), MINY, SPOCS) IN" SPC(T), "&", SPC(S), "TV* 2" SPCE): "FT™, SPC(OY, "F 1 X" SPC(Ty: *FT ¢
LPRINT : SPC(26): "FLUSIT™
LPRINT , SPC(27), “FT*3"
LPRINT
ENDIE
IF UCASES(CHOICE15$) = "N* THEN TRE = 0
IF UCASES(CBOICE158) = " THEN GOTO 432

KLEY(1) ON
KCY(2) ON

KLY ON

KI:Y(3) ON

KIYi5)ON

K1 ey ON

W\ -0

QUIIT =D

OPEN 1S FOR INPUT AS #1

CALL FORMT
CALL LAGOONDIM

ON KFY(1) GOSUB QUIT
DIM Z(3)

DO WHILE (NOT £0OR(Y))
KIY(S1ON
KEY(6) ON
ON KEY(2) GOSUB 110GS
ONKEY(OYGOSHB OUTer T2
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ON KEY(4) GOSUB PAUSE

ON KEY(5} GOSUB INCREASE

ONKEY(6) GOSUB DECREASE

JF QUITI =} THEN EXIT DO

INPUT =1, )DS, STATS, TEMP, RH, wind, RAIN, SOLAR, D

COUNT2 = COUNT2 + |

IF COUNT2 >=DATE) AND COUNT2 <= DATE2 THEN
MOS = STATS
MO = VAL(LEFTS(MOS. 2))

thl = RH  10oa

wmph = (3 o e fLMP 2y NITERN
windl = (wind 2 217) ‘miler bl to nus
“olurl = NOFAR ™ 41842y TALem2 7O MIim2

CALL ANTECEDENT
CALL EVAPORATION

A=0
STORAGE =0

RAINL =RAIN/ 12 ‘conven vanables to I
IEVAPI = VAP /12 ‘convert variable to 1

CALL RUNOFFCALCT
CALL LAGOONINCALC
CALL LAGOONOUTCAL
CALL SEEPAGECALC

LAGOONIN = VOLWASTLEIN + RAINFALL ~ RUNOFFIN
LAGOONOUT = EVAPLOSS + IRRIGATE + RECYCLE + SEEPAGLE
STORAGE = LAGOONIN - LAGOONGCUT

IRRIR = [RRIGATE

'F [IRRIGATE > 0 THEN IRRIGATE =0

CALE SPILLCAI
VOLTOTAL = VOLUMI « STORAGE - SPILLVOL

(-OF =28 CTHN X DO

CALL NLWDEPTH
CALL ECCALC

IFCSLo= f THUN ERROR 7%
IFOL ~ DL 'HEN ERROR 79
jF OL .- TD THEN LRROR %0
IF O1. - MOL. AND OL. - ('S THEN FRROR f1
FORA =1TOAD NEXI| A
PRINT STATS, SPC(5). PRINT USING "4#¥8. 448", VOLUMY:. SPC(8); PRINT USING “### . 444™, SURFAREAZ,
SPC(R), PRINT
USING “##2 #8°, OL: SPC(8), PRINT USING "§84 8", LEC
IF TRY - { THEN
LPRINT STATS, SPC'(2);  LPRINT USING "## ##" . RAIN, SPC(2); : LPRINT USING “W sfettsh™, EVAP; SPC(2); :
LPRINT USING
"HEAB AT VOL WASTEIN, SPC(2): . LPRINT USING "gift5"  RUNOEFFING SPC2Y; « LPRINT USING
“##.an", Ol SPC(2),  LPRINT USING “#¥a#gua £°; VOLUME, SPC(2), LPRINT USING "#insnisg”,
IRRIGATE
END IF
WRITE #2, IDS, STATS templ. rh1, wond, RAIN, SOLAR. EVAP. RAINFALL, .VAPLOSS. ! EPAGL. RAINS,
RL NOFFIN, IRRIR.
RECYCLL. VOLWASTEIN, VOLUME, SURFAREAZ, OL., LEC, ECMGL, TMFC, SPILLVOL, D
SURFAREA = SURFARI-A2

END IF

LOOY
CLOSE #1
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CLOSE #2

IFQUITI =1 THEN GOTO 555

DIFF =(DATEZ2 - DATEI) + 1

PRINT

PRINT

PRINT "TOTAL OF DAYS =" DIFI-

PRINI

PRINT "PRESS ANY KEY TO RI- VRN TO MAIN MENL®
WHIL.E INKEYS =" WEND

SSSCLS

SCREEN O

END SUB

SUB DORMANT ‘TACTOR TO CONVIEERT ON FOR CONDITION II({CN)Y TO 1 AND TI
IF RAINS < 5118 THEN ‘CONDITION |

ACIC = (42 ¢ CNCY/ (10 - (05 * CNCY)
ACID=(42=CND)/(10-( 0S8 * CND))
ACIG = (4.2 * CNG)/ (10 - (.058 * CNG))
ACISW = (4.2 ® CNSW) /(10 - (US8 * CNSWY)
ELSEIF (RAINS >= .S118) AND (RAINS ~- 1 1024) THEN  "CONDVIION (]
ACIC = ONC
ACID = CND
ACIG = CNG
ACISW = CNSW
FLSE 'CONDITION U1
AUIC = (233 ONCI/ (10 + (13 * CNCY)
ACID = (23 *CUND)/ (10 + (13 ¥ CND))
ACIG = (23 * CNG)/ (10 +(.13 * CNG))
ACISW = (23 * CNSW) /(10 + (.13 * CNSWY)
END IF

£ND SUIB

SUB DRINKING
82

DRINKVOL = 4
FK =0
A -0
LOCATE 7, 30 PRINT “DRINKING CHANNELS MENU™
LOCATE 9. 22 INPUT "ENTER THE NUMBER OF CHANNELS USED. " (' HAN
LOCATE 11,9 PRINT "CHANNEL NUM."
LOCATE 11, 25: PRINT *WATER USE (GAL/MIN)Y"
LOCATE 1t,48: PRINT "DAILY DRINKING TIME (MIN)"
A=12
QP =1
TK =CHAN ' 12
1IF TK = 12 THEN GOTO 33
ho
LOCATE A, 12 PRINT QP ™y
LOCNTE AL 32 INPUT . VOL
LOCATE ALSS INPL  um
DRINKVOL = DRINKVOL + (VOL * umy
A A+
QP=Qp -1
LOOP UNTIL A =TK
DRINKVOL = DRINKVOL /7 §
A=A+2
LOCATE A.10- PRINT "CHANNEL VOL ", DRINKVOL
A=A:2
LOCATE A, 10 PRINT "PRESS ANY KLY TO CONTINLIE®
WHILP INKLEYS =™ WEND

AT ENDSUB

NEB DRIPPERSMENL:
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CLS 2

LOCATE 7, 30: PRINT "DRIPPER MENLUI"

LOCATE 9, 20. INPUT "ENTER THLE NUMBER OF DRIPPERS. ". DNUM

1" DNUM = 0 THEN GOTO 150

LOCATE 10, 20: INPUT "ENTER THE WATER USE (GAL/HR). *, DVOL

LOCATE 11, 20: INPUT "ENTER THE AMOUNT OF HOURS USED PER DAY (HR/DAY). *, DHOURS
LOCATE 12, 20: INPUT "AT WHAT TEMPERATURE THE DRIPPERS START WORKING (F). ", DD EMPI
DDTEMP1 = DDTEMPI - 10

DTEMP = (DDTEMP} - 32) * (54 9)

DTVOL = (DNUM * DVOL * DHOURS) ¢ 7 8

DTVOL L = DIVOL

DTVOL2=DTVOL

IS END SUIY

SUB ECCALC

WASHV = MTVOL + DTVOL + WTVQL + TVOLTEST + DRINKVOL - PIVOL
MECIRRI = (MEC2 * IRRIR) / 15992 95

MECI = (ECL /15992.95) * VOLUME

{F MFC1 =0 THEN MECI = TMEC

CAMGL = (SCA/WASHV) * 13902 9§

NAMGL = (SNA 7 WASHV) * 1599295

LCOMGL = 27,02 « (CAMGL * 0%y + (NAMCIL. ¢ .035)
MECW = (LOMGL * TMANURE)» 15992.95
MECFW - (FCFW ® WASHV ) ! 13992 98

TMEC = MECT+ MECW + MECTW - MLECIRRI
ECL=0

MECI = TMEC

LEC =(TMEC * 15992 953 » VOLIIME

END SUB

SUB ECINPUT

1023

CLS 2

LOCATE 7, 24: PRINT "SAL1S LOADING INFORMATION MENLJ”

LOCATE 9, 30: PRINT A FEEDN CONSUMPTION"

LOCATE 10,30 PRINT "B, FEED COMPOSITION”

LOCATE 11,30 PRINT "C R PCTRICAL CONDUCTIVITY™

POCATE 12,33 PRINT "OF THE T AGOON®

LOUNCE TV PRINY RORE RN

LOCATE TS 22 INPUT CHOONE A LT TR AND PRESS FNTER * CHOWCE21S

(0 1ICASESIONOR EXSYy A" THEN
CALY JIFLDIN
GOTO 1022}
ND 1P
IF UCASES{CHOICE218) = "B" 1 NHEN
CALL SALTIN
0101023
END IF
I CASES(CHOICE218) = “C” THEN
SOUATENT, 220 INPUT "ELECTRICAL CONDUCTIVITY OF THE LAGOON - dS/m: ™. ECL.
LOCATE V8. 22 INPUT "FLI C TRICAL. CONDUCTIVITY OF FRESHWATER - dS/m. ", ECFW
GOTO 1023
LND IT
I UCASES(CHOICE21S) = "R" THEN GOTO 1024
IF CHOICE21S <> “AY¥ OR CHOIC 218 <> "B" QR CHOMC IF21S <= "C" OR CHOICE21$ <> "R” THEN GOTO 1023
1024 ND SUQ

SU'B ERRORR
SELECT CASE ERR
CASE )
PRINT "NEXT withowt FOR”
C'ASE 27
PRINT "Argument-cusnl mismaich”
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CASL2

PRINT "St1tax cuior ™
AN AN

PRINS "Array not detined”
CASE ]

PRINT “ RETURN witl ut GOSUIBT
CASEF S0

PRINT “Vanable requaed”
CASE 4

PRINT “Out of DATA "
CASE 30

PRINT “FIELD overfiow”
CASE S

PRINT “llegsl funcuon call”
CASE St

PRINT “Inmtemal error™
CASE G

PRINT “Qvertlaw”
CASE S2

PRINT "Bad file name or nomper”

CALLFILS

CASE 7

PRINT "Out of mnemory”
CASE 5}

PRINT “Tile NOT towwl™

CALL FILS
CASC 8

PRINT "Label not defined
CASE 54

PRINT “Bad Iile mode
CASE9

PRINT “Subscript oul of runge”
CASE &S

PRINT "l already open™
CASE 10

PRINT "Duphicate desaton”
AN &

PRIN | “FIELD stzemy - acove”
CASNF 1

PRINT "Ihvision by zer”
CASE 87

PRINT "Device 1/0 ertor”
CASE 12

PRINT “Hicgal in direct mode”
CASE 58

PRINT "Frie already cxisls”
CASEN

PRINT “Type nusmatch”
CASE 5%

PRINT “Bad record lenzth”
("ASE 14

PRINT “"Out of strw 2 spuce”
CASLC 6t

PRINT “Disk (u}l”
("ASE 16

PRINT “String formula wo complex”
CASE 62

PRINT
CASE 17

PRINT "Cannol continue”
CASE 63

PRIN) “Bad record nuyndser”
CASF 1R

PRINT “Function not dehned”
CASE 62

PRIN] “Bad {de nuine”
CAS) 1Y
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PRINT "No RESUMTI."

CASE 67

PRINT “Too many lilcs”
CASE 20

PRINT “"RESUME withoul 2rror”
CASE 68

PRINT "Device unavailahle”
CASE 24

PRINT “Dev:ce tinxeoul”
CASE 69

PRINT "Communication-bufler overllow”
CASE 258

PRENT "Device fauht™
AN "o

PRINT “Perniznion denied”
UASE 26

PRINT "FOR without NI X1
CASE 7

PRINT "Disk NOT ready™

‘CALL FILS
CASE 27

PRINT "Out of paper *
CASE 72

PRINT "Disk-mcdea crros”
CASE 2V

PRINT "WHILL without WEND ™
CASE 73

PRINT "I-eatare unav.::uable”
CASL ¥

PRIXT "\WEND withoul WHILE
CASE. 74

PRINT "Rename across disks”
CASE 33

PRINT “Duphcate label”
CASETS

PRANT "Pautv/File access crror”
CASE 35

PRINT “Suhprogram not dedined”
CASI= 76

PRINT “Path NOT Liawnd”
CASL 77

PRINT "PLEASE TN ODEC THIE LAGOON INFO
CAVE T AGOONINI
C AN X
PRINT "LAGOON IS OV RSPHLLWAY -
(CASE 79
PRINT "ILAGOON IS OPERATING BELOW MINIMUM OFFRATING LIEVEL®
CASE 50
PRINT "LAGOON HAS FAILED"
CASE 81
PRIN: "LLAGODN IS OVER MAXIMUM OPERATING LEVI-."
ENDSELEC T
END SUB

SUB EVAPORATION

KLELVIN “wempi v 273

[ MO =1 THEN RSO = 1495
IF MO =2 "HEN RSO = 19 <5
§I° MQ = 3 THEN RSO = 24 38
IF MO =4 THEN RSO = 29.3)
IF MO =5"THEN RSO =32 (I
IF MO =6 THEN RSO = 33.44
IF MO =7 THEN RSO = 3295
1F MO =8 THEN RSO =30 14
{F MO =9 THEN RSO =2525
JF MO = 10 TREN RSO =20 82
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(F MO = "1 THEN RSO = 13 9)
IE MO = 12 THIEN RSO = 11 <2

RN

1 MO = 1 FHEN GRN
IF M(s =2 THEN GRN .38
IF MO = 3 THEN GRIN = X6
IF MO =4 THEN GRN = .22
IFMO -~ STHENGRN = 3
IF MO =6 THEN GRN = .24
[FMO =7 THENGRN = .12
IFMO =8 THEN GRN = .1
i MO = 9 THEN GRN = .08
IF MO = 10 THEN GRN = 01
IFMO = (1 THEN GRN = 03
ITMO=12THENGRN = 3

EMI=..02~ 261 * EXP(-.000777 * (273 - KELVIN) ~ 2)
RBO = EMI * 4 903E-09 ¢ (KELVINY ~ 4

IF NUM =1 THEN

SHA = |
SH8 =0
ELSE
SHA=1.1
SHB = - 1
FND IF

RB 1 NHA ® <olurl) RSG-+ SHB)Y * RBO
RN =) - 052 salm ) - RB

i = RN * GRN STORAGE LN RGN
IE = RN - GC
TE2=TC v 113812 ‘Mlm2 1o Wim2

L\ = 2501000 - {2370 * 1omp
CR =(TE2 /7 (LV * 997)) * §6400 * 3037
DUN = 00002 * templ * 2)- (0048 * 1cmpl) - 1.2028

B=(622°(4"2)* DEN * wind!l)/ (((LOG(2 7 00033~ 2) * 161300 * 997)

LAS =610 * EXP((17.27 * 1empl )7 (237.) 4 templ))

EA =18 *(EAS - (FAS ®*vhi)) * 86400 * 39 27

SIGMA (12793597 2)/ LV

DELTA = (4098 * EAS) " ((237 3~ templ) * 2)

EVAP = (DELTA " LR (DELTA » SIGMA)} + ((SIGMA * EA) “(DIFL A + SIGMA))
LEND SUR

SUB FEEDIN

CLS?
QUITI =0
KEY(1)ON

ONKEY(1) GOSUB QUIT

LOUATTE 7,25 PRINT *POUNDS OF *ELD CONSUNMED DALY
LLOCATE &, 48 PRINT "QUANTITY™

{ OCATEY, 20 PRINT "A BOAR"

LOUATE N0, 20 PRINT“B. (L ("

LOCATE 1 20 PRINT "C GENT SOW!

LOCATE 12 200 PRINT "D SOW < UTiR?

(OCATE 13,20 PRINT “F NUIRSIRY™

{OUATE 14, 20 PRINT "IF GROWIL:R 3¢-1 23"

POCATE 18,20 PRINT "G FININHER 125-1757

I OQUATE 10,20 P'PRINT “I{ FINISITTR 178
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{.OCATE 18, IS PRINT "TO QUI( OR RETURN TO (HE L. AGOON INIPIIT MENU™
LOCATE 19, IS PRINT "PRESS i1 & ENTER"

LOCATE 9. 50: INPUT ; PB

[F QUITI =1 THEN GOTO 1020
LOCATE 10. 50. INPUT : PG

IF QUITI = | THEN GOTO 1020
LOCATE 11, 50: INPUT ; PGS
IF QUITI = | THEN GOTO 1020
LOCATE 12. 50" INPUT , PSL
IF QUITI = | THEN GOTO 1020
LOCATE 13,50 INPUT . PN

W QUITI = 1 THEN GOTO 1020
LOCATE 14, 50: INPUT | PGR

J QUITIE=1THEN GOTO 1020
LOCATE 15, 50" INPUT . P125
i' QUITI =1 THEN GOTO 1020
LOCATE 10, 50: INPLT, P17S

1020

PFR=NR*PD

PEG = NG * PG

-GS = NGS * PGS
PFSL = NSL. * PSI

PEN = NN ® PN

PFGR = NGROW ¢ PGR
PEI28 = NFINI25 * P125
PI17S - NIBNITS * P17¢
KEY (1) OFF

END SUB

SUB FLUSHMENU
CLS2
TVOLTEST =0
TK=0
A=0
{.OCATE 7. 35 PRINT "FLUSH MENU"
[LOCATE 9, 22: I\NPUT "I NTER THE NI.MBER OF TANKS USED *; YANKS
LOCATE 11, 10 PRINT “TANK NUM."
LOCATE 11,27 PRINT “VQ). OIF TANK (GAT)Y"
LLOC ATE 11,48 PRINT “F{LUSHI-S PIFR DAY"
A-12
op =1
I'K = TANKS 12
7K - 12 THEN GOTO M
1)
LOCATE A2 PRINT ; QP ™
LOCATE A. 32 INPUT . VOL
LOCATE A, 54, INPUT , im
TVOLTEST - TVOLTEST = (VOL * tim)
A=A+ 1}
QP=QP+1
1 OOP LINTIL A =TK
TVOL 55 - IVOYTEST 74
A A2
TLOCATE A 10 PRINT "TVO] " TVOI TEST
A=A"2
(LOCATE A, 1) PRINT "PRESS ANY KEY TO CCONTINLE"
WHILI. [INKLYS =" WEND
M ENDSUB

SUB FORMT
CLS
SCREEN 12
LOCATE 1, 30: PRINT "LAGOON MASS BALANCE",
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LOCATE}
LOCATE S

LOCATE S,

LOCATI
LOCAY I
1OCATL
LOCATE G

[

PR

.2 BRINT "MESONI T STATION = “ LOCATIONS
L3 PRINTDAIL"

17- PRINT “VOLU\EF"

. 2% PRINT “SURI ACLI AREA”

SSOPRINT "BEFIOH

ST PRINT "LAOGOUN (L

L FOR D =Y TO sh

PRINT CIIR$(196),

NY:
LOCATE 2

XT
S5.1'FOR 1)) =1T0 30

PRINT CHRS(196):

NE

LOCATE 2
LOCATE 2
LOCATF 2
LOCATE?2
LOCATE 2
LOCATE 2

Xt 1]

6. & PRINT “F§ = QUIN™

7.5 PRINT “F2 = HOGS MENL™

6,30 PRINT "3 = LAGOON OUTPL I
7.30 PRINT "Fd = PALNLT

6.55 PRINT “FS = [NCREASE SPLEH D"
7. 55. PRINT “F6 = DECREASE SPEED”

VIFW PRINT 7 TQ 24

END SUB

SUB GROWING
{F RAINS < |.4173 THEN ‘CONDITION |

ACIC = (4.
ACID = (4

2% CNCY/ (10 - (058 * CNCY)
2 *CND)/ (10 - (058 * CND))

ACIG=(4.22 CNG)/ (10 - (.058 * CNG))

ACISW =¢(

422 CNSW)/ (10 - ( 058 * CNSW))

F1LSEIF (RAINS >=1.4173) AND (RAINS < 2.0866) THEN 'CONDITION [
ACUTC = UNC
ACTID - OND
ACIG = (NG

ACESW = (
-1 St
ACTC =42

NS\

IEUNCY (10 + ( [VCONCY) CONDITION 1)

ACIND = (23 “UND)/ (10~ 13 * ('NDy)

ACIG = (2]

ACISW =
CNDIF
END SUB

Ve UNG) (10« (13 CNGy
23 P ONSW) /(10 + (13 * CNSW))

SUB HOGSMENU

443
1S 2

QUITI =0
KEY(!)ON

ON KEY(1) GOSUB QUIT

LOCATE 7.3
LOCATE 8. 4
LOCATE 9. 2
LOCATE 0.
LOCATE VL,
LOCATE 12,
LOCATE 13,
{LOUATI 14,
1QCATE 5.
COUATF I

LOCATE (3

LOCATF 149,

LOCATE Q.S
IFQUITE =
LOCATE 10.

$: PRINT "HOG MECNLU”

8: PRINT "QUANTITY*"

0: PRINT “A. BOAR"

20: PRINT “B. GIL.T"

20: PRINT "C. GEST SOW"

20' PRINT “D SOW + LITER"

20; PRINT “E. NUURSERY"

20 PRINT "I GROWER $0-1258"
20 PRINT "G FININIHER 125-178%
20 PRINT "H FININHER ~757
13 PRINT 1O QU I OR RETERNTG THIEE T AGOON INPLUT MENTT?
)5 PRINT "PRENS L) & INTLRY

0 INPUT; NI

THEN GOTO 444
S0° INPUT ; NG
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JFQUITL ' THEN GOTO 444
LOCATE 11, 30 INPUT : NGS
IFQUITI =) THEN GOTO 444
LOCATE 12. 50 INPUT , NSL

IF QUITT =} THEN GOTO 444
LOCATE: 13, 50 INPUT | NN

IT QUITI = : THEN GOTO 444
LOCATE 14, SO INPUT , NGROW
[EQUITY =1 THEN GOTO 444
LOCATE 15, 50. INPUT , NFIN|2§
IF QUIT) =1 THEN GOTO 444
LOCATE 16, &0 INPUT (NFIN. 7§

PRINT

444 'VOL WASTE (FT~3 /DAY)
MVB =NR " .13 ‘BOAR
MVG=NG*® 1] "Gl
MVGS =NGS ¢ .13 "GEST & SOW
MVSL = NSL * 4] ‘SOW & LITTER
MVN = NN * 00 "NURSLRY
MVGROW = NGROW * ‘GROWERS

MVIEINI2S =NFINI2S * 13 “TFINISHER 125-175
MVFEINITS = NFINI75 * )5 FINISHER 175-250

TMANURLE = MVFINT75 + MV INI28S - MVGROW « MV'N - MVB - MVG - MVGS - MVS!
KEY(!)OFF
fNDSLIB

SUB EINPUTMENL:

20C1.82

LOCATE 7,32 PRINT "INPUT Mi-NU"
LOCATE 9, 30: PRINT "A. HOUS"

LOCATE 10.20° PRINT “B. FLU'SH TANKS”
LOCATE }1,30° PRINT "¢ RECHARGE PITS”
LOCATE 12, 20- PRINT "D. MISTERS"
LOCATE 13,30 PRINT “E  DRIPPI'RS ™
LOCATE 14, 30: PRINT "F. RUNOF!-"
LOCATE 15, 20: PRINT “G. WASH WATER™
LOC'ATE 16, 30. PRINT "H. BFDDING”
LOCATE 17, 30: PRINT “! DRINKING CHANNILS”
LOCATE IR, 20: PRINT "R, RETURN"
LOCATE 20, 20 INPUT "CHOOSEE A LETTER AND PRESS ENTER ", CHOIUE2S
PRIN |

IF UCASES(CHOICELS) ="A" I'HI:N

CALL HOGSMENL

GOTO 20

END IF

IIF DCASES(C)IOICELSy - "B™ THUN

CALL FLITNHMENU

GOTO 20

END IT

IF UCASI QCROICE2S) - "C" THEN

CALL RFCHARGEMENU

GUOTO 20

LND I

(FVHCANLMOHOICR2S = "D LUIEN

CALl MISTERSMENU

LOTO 20

END IF

(- NCASESCHOICE28) = "E* THEN

CALL DRIPPERSMENU

GOTO 20

END [F

IF UCASES(C'HOICT2$) = "I THLEN

CALL RUNOFFMENU

GOTO 20
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END)F

IF UCASES(CHOICE2S) = “G" TIHEN

CALL WASHMENU

GOTO 20

IND [+

I HOASES(CNROICF2S) = " H™ DN

CALL BEDM N

GOTO 20

BEND IF

{F UCASES(CHOICE2S) = “I" THI'N

CALL DRINKING

GOTO 20

END {F

IF UCASES(CHOICE2$) = "R" THL:N GOTO 14
11- CHOICE2S = *" THEN GOTO 20 IILSE GO 'O 20
14

1S2

ND SUB

SUB IRRIGATION
776
CLS 2

LOCATE 8. 30 PRINT "JRRIAGATION MENU"

LOCATE 10. 15- PRINT “{.AGOON EFFLUENT {S PUMPDOWN BASE ON WHICH OF *
LOCATE 11, 15: PRINT “THE FOLLOWING PROCEDURES "

LOCATE 13, 2S: PRINT “A. VOLUME (ACRE - IN)"

LOCATE 14, 2S: PRINT “B. DEPTH (FT)"

LOCATE 16,15 INPUT “ENTER THE LETTER OF YOUR CRHOICE. . CHOICEI LS

1 UCASESIC HOICENIS) = "A" THEN
ACREIN |

FUSEN D CASESCHOICR 1Sy = "3 THEN
1LEY

LES:
GOTO 776

END IF

778

C1.S2

(.LOCATE 8, 25° PRINT "IRRIAGATION MENL' -»
1 OCATE 8. 45 PRINT , STATS

LOCATE (1,8 PRINT "VOLUMI- (F173)"
LOCATE (2.2 PRINT "VOILU ML {ACRL-INY"
LOCATL 1D, 26. PRINT "LAGOON™

[LOCATE 10, 27: PRINT "DRAWDOWN"
LOCATE 10,20 PRINT "MAX IRRIGATION”
'OCATE 13,3 PRINT “CLEVAFION (FT)"

VOLDRAW (W *L*DL)+(5*(W+J.)* DL "2y~ ((4/3)*(82)* . 3))
If TR = 2 THEN

VOLORAW = VOLDRAW * <
END IF

MAXIRR! = VOLLUME - VOLORAW

BDL=0OL-DL

ACL = VOLUME /3630 'ACRE-IN = 3630 FT”3
ACD = VOLDRAW /3030

ACM = MAXIRRI /3020

LOCATI N 230 PRINT LSING s siE 008" VOLEMIE
FOCASE T X PRINT USING "aaz aze” N OLDRAW
FOCALL 1T 3K PRINT USING "mez zy2"  MAXIRRI
LOCATE 12025 PRINT ISING "satz 897 ACL
LOCATE 12, XX PRINT LISING "=d2e 30" AL D
LLOCATE 12, 52 PRINT USING "sxad 28" ACM
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LOCATE 12,27 PRINT USING "#4.4#"; OL
LOCATE 13, 40: PRINT USING “#a.:2", DL
LOCATEL 13, 60: PRINT USING "#4 44", BDL

IIFF1EFT =1 THEN
LOCATE 15, 5. INPUT “ENTER THE DEPTH THAT YOU WRICH TO IRRIGATE (FT) =" bW
DWW = (). - DW
IRRI= (W * L*DWW)+(S (WA L)* DWW )+ (473 *(S ) * (DWW~ 3))

IF TRI =2 THEN
IRRI = IRRI * 5
END IF

IRRIGATL = VOLUME - tRR}

I DW =0 THEN IRRIGATE =0

LOCATE 17, 20: PRINT "NEW DEPTH"

J.OCATE 17, 34 PRINT "VOLUME IRRIGATED (' T*})"

LOCATE 18, 22° PRINT USING "#¥ ##™; DWW

LOCATE )8, 40: PRINT USING "ag# 18", IRRIGATE
END IT

IFACRFIN = | THEN
FOCATE TS S INPUTPENTL R YD VOLEME CHAT YOU WHICT TO IRRIGATT (ACRE-INY =
IRRIGATL = AL ® 3630
VOLIRRI = VOLUME - (RRIGATI:
Ol4=0L
774
VOLAE = (WHL"OLY) (S (W-1)701d* 2)~dN* (87 2) 101441
IF TR =2 THEN
VOILAF = VOLAF * §
END IF
It = VOLIRRI - VOLAF
OL3=0L4+0OL4 " (Y7 VOLIRRIYy  NEW HEIGHT
G = ABS(OL3-0L4)
IFG> 00l 'HEN 'ORIGINAL =.00001
OL4=0L3
GOTO 779
END IFF

LOCATE 17, 20° PRINT "NEW DEPTH"
LOCATE 17. 34: PRINT "VOLUME IRRIGATED (FT*Y)"
LOCATE 18,22 PRINT USING “i&.48", Ol 4
LOCATL 18, 40: PRINT USING “#88,443#"; IRRIGATE:
END I
781
LOCATE 20, S. INPUT "THE VO UML IRRICATED IS CORRECT (Y'™N)", YYS&
IF UCASES(YY3)="Y"THI'N
GOTO 717
ELSEIF UCASESIYYS) = “N" THEN
GOTO 778
1,81 GOTO 71
ENDIF
777
182
FND SUB

SHR L AGOONDIM
SD=TD-0l.

WL =TILL-(2¢S5*5D)
WW) - TW-(2°S°8SD)

W=TW.(2*S*TD) botlon widlh
L=TL-(2*S*TD) Dolon tenght

SURFAREA - (W®* L)+ ({{W+1)*2°S*0L)-(4*(5~2)*(OL2))
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VOLUME = (W* L*OL)+(S (W+L)*OL ~2)+((4/3)*(S*2)*(OL ~ 1)

I£ TRl = 2 THEN
SURFARLA = SURFAREFA * 3
VOLUGML - VOLUME = §
END IIF
FNDSUB

SUB LAGOONINCALC

{F tcmp! < MTEMP THEN

MTVOL = v IF TEMP < 725 NO MIST AND NO DRIPPIERS
FISE

MTVOIL. = MTVOL.I
ENDIF

IF (emp) < DYEMP THEN

DTVOL =0
EFsI

DTVOL = DTVOL |
FND{F

VOLWASTEIN = TMANURE + MTVOL. + DTVOIL. + WTVOL = TVOLTEST + DRINKVOL + PTVOL + BTVOL
RAINFALL = SURFAREA * RAIN?
END SUB

SUB LAGOONINF
1005
CLS2

LOCATE 7, 2% PRINT "(LAGOON INFORMATION MINL!™

LOCATTE 028 PRINT "A SHAPE, DIMENSIONS, AND”

FOCATT 10,28 PRINT S OP1 RAFING LLVILS

LOCATE 11,28 PRINT “B. STAR N{NG LIQUID LEVEL”

FLOCATE 228 PRINT "R RETI'RN”

LOCATL 14, 240 INPUT "CHOONE A LETTER AND PRESS ENTER ", CHOICE20S

IF LUCASES(CHOICE208) = “A" TTIEN
CALL LAGOONMENL
GOTO 1008
END IF
IF UCASES(CHOICTE.208) = "B" I HEN
T OLOCATE IS INPUA “FNTTR THE DEPTH THAT YOU WOULD LIKEF TO START AT " Ol
I OL =0 THENOGOTO 7
GOTO 1008
ENO T
I 0) =0 THIEN
LOCAIL 17.21 PRINT “ENME R THL STARTING LIQUID | I'VEL, OPTION-B”
LOCATL 18, 30. PRINT "PRIFPSS ANY KEY TO CONTINUE™
WHILE INKEYS - " WEND
ENDIF
[F UCASES(CHOICE208) = "R* THEN GOTO 1006
IF CHOICE208 < “A“ OR CHOICE20S < “B" OR CHOICE208 < "R“ THEN GOTO 1005
1006 END SUB

SUB LAGOONLEVEL.
SCREEN 12

VIEW

ILING (150, 400)-(300, 400). 6
{,INE (200, $110)-(400, YO0, &
[INE (30t Mh=¢ 300, 00), 6
AN (300, 300325, 328). ¢
LINE (285, 313)-¢515,315),3
LINIE (130, ¥85)-(345,3588), 2
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LINE (150, 325)-(375, 325), 13
LINE (361, 34D)(361. 366), 9
LINE (334, 366)-(360, 3663, 9

LOCATE 16, 20. PRINT “LAGOON OPERATING { EVELS - FT
LOCATE 20,10 PRINT "MAX OPER LEVLEL"

LOCATE 2200 PRINT *MANX DRAWDOWN"

LOCATE 25. 2u PRINT "BOTTUM”

LOCATE 18, 30 PRINI "TOP OF EMBANKMENT"

LOCATE 21, 53. PRINT "EMERGELY SPILLWAY"

LOCATE 23,47 PRINT 1"

LOCATE 24, 44 PRINT “S”

LOCATE 18, 68: INPUT ", TD "TOTAL DEPTH, FT

LOCATE 21, 71. INPUT ™. CS ‘CONSTRUCTED CREST OF THE SPILLWAY
LOCATE 20, 28 INPUT ™, MOL 'MAX. OPERATION LEVEL

LOCATE 22, 25. INPUT ", DL 'DRAWDOWN LEVEL

1.OCATE 24,.47: INPUT ™™, § ‘SLOPE

SCREINO

END sSUB

SUB LAGOONMENU

117
(1N2
IR1 =0

LOCATE 7, 28 PRINT "LAGOON INFORMATION MENL!"

LOCATIEO, J0: PRINT "SHAPE OF THE LAGOON"

LLOCATE 10,32 PRINT “A. RCOTANGULAR™

LOCATI: 11,32, PRINT "B. TRIANGULAR™

LOCATE 12, 32. PRINT “R. RIz:1 U RN”

FLOCATE 13, 24- INFUT "CHOOSE A LETTER AND PRESS ENTER.", CTIOICE21S

11" UCASES(CHOICE218) = "A” THEN
REC =}
GOTO ohx
LND IF
IF HOCASES(CHOITE21SY = "B THEN
TR =2
GOTO 10UR
LEND IF
IF UCASES(CHOICE218) - “R" THEN GOTO ]009
IF CHOMCE21S <= "A” OR CHOICERIS <> "B” OR CHOICE21S <> "R” THIN GOTO 1007

{008
SCREEN 12
LOCATE 3,27 PRINT "LAGOON DIMENSIONS”

HREC -1 THEN
NEW (20, 3400, 1284 1
PNDI

WOIKE=2 PN
VIEW
LINL (40, 39 =400, 30), b
LINF (150, 130}1-(400, 150), 6
LINE (150, 150)-(400, 50). 6
FND T

LOCATE 7. 52: PRINT “TOP WhyTH"
1OCATE |1, 28 PRINT "TOP LLNGTH"
VIEW

1 INF (150, 400)-(300. 300), &

LINE (300, 400)-(400. 300), &

LINE (400, 200)-(S00), Y00}, 6
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LINE (500, 300)-(525. 325), 6
LINE (385, 315)515, 315}. 3
LINE (150, 355)-(345. 385, 2
LINE (150, 325)~(375. 325). 13
LINE (361, 340)-(361, 366),9
LINE (334, 366)-360. 366). 9

LOCATE. 16, 200 PRINT “LAGOON OPERATING [.[EVELS - FT"
LOCATE 20. 10 PRINT "MAX OPER LEVEL"

LOCATE 22. 10° PRINT "MAX. DRAWDOWN"

LOCATE 25,20 PRINT "BOTTON"

LOCATE 18500 PRINT *TOP OF FMBANKMENT™

LOUATE 21,33 PRINT "EMERGECY SPILLWAY"

LOCALLE 23,47 PRINT "3

LOCATL 24, 48 PRINT "S§*

LOCATE 7,62 INPUT “°, TW TOTAL WIDTH

LOUATE T J0 INPUT ™ T “TOTAT LENGTH

FTOCUAYE TR OR INPUT ™, TU "TOTAL DEPTH, FT

LOCATE 21, 71 INPUT ™, (S 'CONSTRUCTED CRESY OT THL SPILLWAY
LOCATE 20, 28: INPUT ", MOL. 'MAX OPERATION LEVEL

LOCATE 22, 25" INPUT ™, DL 'DRAWDOWN L EVEL

LOCATE 24.47: INPUT ™, S 'SLOPE

SCREEN O

1069 END SUB

SUB LAGOONMENU2

1017
CLS2
REC=0
Rl 0

ILOCATE 7,30 PRIN "SHAPE O THE LAGOON"

1 OCATE 9. 1) PRINT "A. RFCTANGULAR”

LOCATE 10, 32 PRINT "B, IRIANGULAR™

LOCATE 12, 24' INPU ] "CHOONE A LETTER AND PRESS ENTER “; CHOICE2TS

1 UCASESWCHOICE2TSy = “A" THIEN

REC =
GOTO 1018
END I
IF UCASCSICHTIOICE2?S)  “B° THEN
TRI=2
GOTO inIR
*NDIF

1 CHOICL2TS <7 "A"OR CHOR =278 -2 "B THEN GO O 1017

1018
SCRLEN |2
LOCATE 2.27: PRINT "LAGOON DJIMENSIONS™

IF REC = | THEN
VIEW (150, 155)-(400, 280). . ¢
ENDIF

IF TR1 =2 THEN
VIEW
LINE (150, 280)-40C. :80). 6
LINF. (400. 280)~(300. i80). 0
LINE ¢ 130, 280)-¢400. 280y, ¢+
INDIT

IOCATE 14, 82: PRINT " TOP WIDTH"
LOCATI 19, 30 PRINT “TOP | NG H®
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LOCATE 14. 62. INPUT ™, TW "TOTAL WIDTH
LOCATE 19, 42: INPUT ™. TL TOTAT LENGTH
SCREEN 0

END SUB

SIB LAGOONOUTCAL

IFVAPLOSS = SUHRFAREA = EV'A

RECY(CTE - (VVOLTEST * TPI-R) + (PTVOL. * PPER)
END S1113

SUB MISTERSMENL,

CLs2

LOCATE 7, 30: PRINT “MISTER MENU"

LOCATE 9. 20 INPUT "ENTER THE NUMBER OF MISTERS. ", MNUM

IF MNUM =0 THEN GOTO 140

LLOCATE 10, 20; INPUT “ENTER THE WATER USE (GAL/HR). *, MVOL.

LOCATE 11.20: INPUT "ENTER THE TOTAL HOURS PER DAY (HR/DAY) ", MIHOURS
LOCATE 12, 20: INPUT "AT WHAT TEMPERATURE THE MISTERS START WORKING (F). ". MTEMPI
MTEMPI = MTEMP) - 10

MTEMP = (NTEMPI - 32) * (57 1)

MTVOL = (MNUM = MVOL. ¢ MHOURS) 7 S

MIVOL = MTVOL

MIVDL2 - MIVOL

[SOENDSERB

SUB NEWDEPTH

100
VOLTOTALE=(W* _*OL)+(S* (WA L)*OL"2)+((413)"(§"2)>(0OL"3)
IFTRI=2THEN
VOLTOTALL - VOLTOTALL* S
IEND LI
= VOILTOTAL - NOLITOLTALY
OL2=0L - OL.* 0" NOILTO AT 'NEW H:HGETT
ti = ABSION2-01)
IF G > 000Y THI'N 'ORIGINAL = 00001
OL =012
GOTO 190
END IF
VOLUME = VOLTOTAI{
OL=0L2
SURFAREA2= (W * L)+ (W L)*2*S*0LY+ ([ *(S~2)*¢(OL"2)
IF TRl = 2 THEN
SURFAREA2 = SURFARL:A2® S
END I
END SUB

SUB OI'TFILE

LOCAE 3] & PRINTPENTER THE CLE NAME FOSAVE THE NLW OUPUT DATA ™
LOCATE 22 i INPUE U RTPE edgenaze DA T " MMS

(F NUM = { THEN MMMMS = “C -OUTPUNWIST"
(F NUM =2 THEN MMMMS = “C-OUTPUTSTIG"
IF NUM = 3 THEN MMMM§ = “COUTPUTWIST
IF NUM = 4 THEN MMMMS$ = “C \OUTPUTSALLY
IF NUM = S THEN MMMMS$ - "COUTPUTSHAWA"
IF NUM = 6 THEN MMMMS = "C -OUTPUT-BOWI."
IF NUM =7 THEN MMMMS = "COUTPUTCALVY
IF NUM = 8 THEN MMMMS = "C OUTPUTSHA WY
IF NUM =9 I HEN MMMMS = "t ~OUTPUTGOODY
IF NUM = 13 THEN MMMMS = "C O [PUTHOOK™
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IF NUM = 1} THEN MMMMS = “C:\0UTPL L STIL™

MMMS = MMMMS + MMS + " DA™
OPEN MMMS FOR OUTPUT AS #2
END SUB

SUB OUTPUTMENL
0dls?2

IFOL=0THEN
LOCATE 10, 1Y PRINT "PLEASE ENTER THE LAGOON LOADING AND SIZE INFORMATION”
LOCATE 11, {3 PRINT "BEFORE SELECTING THE QUTPLIT MENL
TOCATE 1225 PRINT “PRLESS ANY KEY TO CONTINUEY
WHILE INKLYS ™ WEND
GOTO 17
END T

LOCATE 7. 11. PRINT "OUTPUIT MENL”
LOCATE 9, 30. PRINT "A. IRRIGATION™
LOCATE 10, 30: PRINT "B RECYCLING”
LOCATE 11, 30: PRINT “R. RETURN"
LOCATE 13, 20- INPUT "ENTER THE LETTER OF YOUR CHOICE. ", CHOICE4S$
PRINT
IE UCASES(CHOICE4S) = A" THEN
CALL IRRIGATION
GOTO 30
ELSEIF UCASES(CHOICE4$) = "B THEN
CALL RECYCLING
GOTO 20
CLSEIF UTASES(CHOICEAS) = “R* THEN GOTO 17

ELSC GOTO 30
END IF

17

CLS2

END SUB

SU' PRESETS

‘CHOWCT-S 'MAIN MENU CHOICES

L HOKCE2S INPLT MEENLCHOICES
‘CHOICTEAS 'WEATHER CHOIWCES
'CHOICKSS ‘OVIYPUT NENU CHOICES
THOIC LSS TIOG TYP(- MENL. CHOICES
‘CHOIC §:68 ‘BEODING MIENG

‘CHOIC 1SS PRINTDATA

CHOICE S - "% INFORMATION CORRECT

Ni =01 5 BOARS'

NG =0 7 GILTS'

NGS=0 ‘# GEST SOWS’

NSL.=0 'n SOW + LIFER"

NN =0 ' NURSERY"

NGROW =0 ‘4 GROWERS'

NFINI25=0 ‘4 FINISHERS 125-175°

NFIN175 =0 W FINISHERS 175+

MVB =0 'MANURE VOLUME BOARS'
MVG =0 'MANURE VOLUMC GILTS
MVGS - 1) ‘MANURE VOLUME GEST SOWS'
MVSL =0 'MANURE VOLUME SOW + LITER
MVN =0 ‘MANURE VOLUMLE NURSERY"

MVGROW =0 'MANURE VOLUME GROWFERS®
MVFINM1Zs 0 ‘MANURFE VOILLUME FINISHERS 125-175°

MVFIN175 =0 "MANURE VOLUME FINISHERS 175+
TwW=0 TOP WIDTIF

T 0 TOP LENGTH

S=0 ‘EMBANKMENT SLOPL
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D=0 ‘TOTAL DEPTH

DL=0 'DRAWDOWN L EVEL

OoL=v 'OPERATING LEVEL - FT
CS=0 ‘CREST OF SPILLWAY"

VOL =0 VOL OF TANK

TVOLTESNT =0 TOTAL VOLUME OF TANKS’
PVOL =0 'VOL OF Pl

PTVOL = 0 “TOTAL VOI UME OF PITS'
um =) FREQUENCY OF USF ON TANKY
PTIM =0 FREQUENCY OF USEON 'S
WNVOL =0 'WASH VOL | ME

WTIM =0 \WWASH FRI:QUENCY’
WTVOL =0 'WASH TOTAL VOLUME'
MVOL =0 ‘MISTER VOLUME!

MNUM =0 ‘4 OF MISTERS

MHOURS = 0 ' OF HOURS ON (MISTERSY
M1TVOL =0 ‘MISTER TOTAL VOLUME!
DVOL =0 ‘DRIPPER. VOLUME’

DNUM =0 ‘# OF DRIPPERS'

DHOURS =0 ‘# OF HOURS ON (DRIPPERS)'
DTVOL =0 'DRIPPER TOTAL VOLUME'
0% "STATION D

‘STATS 'MONTH AND TIMEOF DATA
‘TIMS 'MONTH AND TIMLOF DATA
TIFMP? TEMPERAVTIRE

‘RH RELATIVE HUMIDITY
"WIND 'WIND S£11.0

RAIN 'RAIN IN INC HES

I'MANUKL =0 TOTAL MANI'RE
EVAPLOSS © 'LAGOON LVAPORATION SURFACE AREA ¥ EVAP

RTA =0 ‘ROOF TOTAL AREA

CTYA=0 ‘CONCRETE TOTAL AREA

DTA=0 'DIRT TOTAL AREA

GTA -0 ‘GRASS TOTAL AREA

[IRRIGATE =0 IRRIGATION VOLUME

SEZPAGE = 0

QuIl =0

QU rXIr

TOCATIONS MESOND T NTATION

DAL BLEGINING DA (T,

SDV SAWDUS T

Y LONG STRAW

'CST CHOPPED STRAW

ST & SV SHAVINGS

'SDT SAWDUST

SAT SAND

'oL2 NEW OPERATION LEVEL - FT (TODAY)

'SURFAREA LAGOON SURFACE AREA

'SURFAREA2 LAGOON SGRFACE ARCGA WITH NEW DEPTH (OL2) (TODAY)
‘VOLTOTAL TOTAL VOLUME OF THE LAGOON (TODAY)

‘VOLTOTALI LAGOON VOLUME @ OL(YESTERDAY)

“VOILUMI- 1 AGOON VOLUME (TODAY)

‘VOI.TOTAL2 VOLUMF WITHOUT SPILLAGT

i DIFFRENCY BETWEEN YESTERDAY VOL (VOO JTALIY AND TODAY VOIL IVOLTOI ALY
i DIEERENCT BLIWENT YESTORDAY DLEPTH AND 1ODAY DEPTIL
NV SEHDGE ACCUMUTATION YES=1 NO=2

TR) TRIANGLLG | AGOON

END SUB

SUB PRINTOUT

LLPRINT CHRS(12).

ILPRINT : SPC(27), "EXPECTED WASTE VOLUME"

LERINT , SPCQALY) “FT*3 PER DAY™

L.LPRINT

L.PRINT “MANURE VOLU'MI-"

L PRINT “ANIMAL™, SPC0), "Ny OF EACH™, SPC203 "MANURI: VO TIME"
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LPRINT "BOAR". SPC(18), LIRINT USING "waghagapgds™ NB, SPC(201. LPRINT USING “suguadusguans”: MVB
LERINT “GILT™ SPCUI8), . LPRINT USING "gransoidigi. NG; SPC(20). LPRINT USING “gugnansasedsi” MVG
LPRINT “GLEST SOW", SPC(14), LPRINT USING "#sr8sddradn”, NGS. SPOC(20); : LPRINT USING "#ug#ddamdtndd; MVGS
LPRINT "SOW =+ LITER™. SPC(1 1}, . LPRINT USING “a#f#bstedandd” NSL. SPC{20); - LPRINT USING "Sr4spiug s,
MVSL

LPRINT "NURSERY", SPC(15): : LPRINT USING “#uandbitaad”. NN: SPC(20): ' LPRINT USING “#aossdunarads” MVN
LPRINT “GROWER 50-125"; SPC(9); : LPRINT USING "##w#atsas#™. NGROW, SPC(20): LPRINT USING

"HERBHAR RN, MVGROW

LPRINT "FINISHER 125-175; SPT(6). - LPRINT USING "5 NIFIN12S, SPC(20);  LPRINT USING
HARRKHGE ISR MVFIN12S

LPRINT "FINISHER 175+, SPC19), LPRINT USING “srdgspihna; NFINITS; SPC(20); : LPRINT LISING “"sfinz2zusnnsntt";
MVFIN17S

LPRINT [ SPC(24). "TOTAL MANLRE VOLUME", SPUTY,  LPRINT LisING "Baaass”, TMANLIRLE

I.PRINT

I.LPRINT

CPRINT “UETSHTANK®

LPRINT SO AT NO OF JANKNT SPC20), "TOTAD FLEUSHWATERNOL UIME”

CPRINT SPC 7)), EPRINT USING "s28”, FANKS, SPUIRS), 1 PRINT 1 SING "gagniaa” TVOL LIS

LPRINT

LPRINT

LPRINT "PIT RECHARGE WATER"

LPRINT "TOTAL NO. OF PITS"; SPC(21), “TOTAL PIT RECHARGI: VOLUME"

LPRINT ; SPC(7); LPRINT USING "s#a"; PIT, SPC(35). LPRINT USING "Fh&kgad" PTVOL

LPRINT

LLPRINT

LPRINT "WASHOUT WATER"

LPRINT “TOTAL VOL OF WASIt WATER": SPC(10). "FREQUENCY"™; SPC(16); "VOL OF WATLR"

LPRINT . SPC(7). : LPRINT USING "sadskd"; WVOL. - LPRINT " GALLONS", SPU(16); : LPRINT USING “##*, WTIM;
SPCQY. ¢ LPRINT USING "s2e47, WTVOL

LPRINT

LPRINT

CPRINT "MISTERS AND DRIPPIIRS”

LPRINT ; SPC(13): “NO OF:"; SPC(5): “WATER USEIGALDAY)Y"; SPC(S). "HRS/DAY™. SPC{5). “VOI.. OF WATER”
LPRINT "MISTERS"; SPC(7). : LPRINT USING "$&£"; MNUM: SPC(11}): : LPRINT USING “Humdae4", MVOL, SPC{14);
LPRINT USING "#8"; MHOURS. SPC(11); : LPRINT USING "#844”" MTVOL)

LLPRINT "DRIPPERS™: SPC(6), LPRINT USING “#4#", DNUM, SPC(11); 1.PRINT USING "idasd" DVOL, SPC(14)
LPRINT USING “#4°: DHOURS; SI'C¢L1); : LPRINT USING “ad#s; DTVOLL

LPRINT

LPRINT

LPRINT "BEDDING™

CPRINT "TYPLE"; SPC(20). "TONS PER MONTH", SPC(Q). “TOTAL BLDDING VOLUME"

CPRINT *LONG STRAW™, SPCCIRY - LPRINT USING "s##a®; LST: SIPC24); 0 LPRINT USING “##uis iy, ( SV

1 PRINT “CHOPPED STRAWT SPCHISYy  LPRINT VISING "anpnt, COSTONPCO2LY LERINT VISING "unend a1, CSV
TPRING “STHANINGS™, SPOCI203 T PRINT USING “#8287 ST, SPCQS), ) PRINT VISING "8 050 987 SV
{PRINTDUSAWDUSTY SPC2150 EPRINT GSING Pgesg” SDE,SPC4 LPRINT USING "s#adg 4z SOV

LPRINT "SAND” SPC24), LPRINT USING "zsu™ SA T, SPC24),0 L PRINT USING “d46dz 38" SAV

LPRINT CSPCy, "TOTAL BEDDING VOU UIME T SPO2)0 LPRING U SING "eragu =" 3TV

LPRINI

LPRINT

LPRINT “TOTAL MANURE AND WASTEWATER = “, VOLWASTEIN: "1 1 *VDAY"

LURINTY CHRS(12)

LPRINT

LPRINT ; SPC0), "IFACILITY RUNOFF YOLUMLE®
LPRINT

LPRINT

TOPAREA =TW = TL

TOPAREA2 = TOPAREA, 12

RTA2=RTA /12

CTA2=CTA /48

DTA2=DTA 4R

UiA2=GTA 00

TONEINRAIN = RTA2+ CTA2 - DTA2 » GTA2 + TOPAREA2

TOPARL:AY = TOPAREA /2
RTAI=RTA /2
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CTA3=CTA/25
DITAY=DTA /25
GTAY=CGTA-28
ISIXINRAIN = RTAY + CTAX + DYAJ ¢ GTA3 + TOPAREA3

LPRINT "RAINFALL VOLUME (O POND AFTER I iIn RAIN"

LPRINT

LPRINT “"OPEN AREAS CONNIC TED TO STORAGE" SPC(R). "AREA 1) 1724 SPUS), “TOTAI VOLUME (FT 1y
LPRINT "} AGOONPOND SURL ACE™. SPCHI9): LPRINT USING "#Za#s=2:m" TOPAREA, SPUTT4). LPRINT USING
“uheazet . TOPAREA2

LPRIN( "ROOFS™, SPTR2), LPRINT USING “sestiganrs”; RTA, SPC4) LPRINT USING "sazaged”, RTA2
LLPRINT “"CONCRETE", SPC(30). |_.PRINT USING “sastwar=d”: CTA SPCS);  LPRINT USING "wdrdgast” ("IA2
LERINT "DIRT”, SPC(34), LPRINT USING “wiutitt#nss, DTA; SPU(14), LPRINT USING “#a#tadan”; DTA2
LPRINT "GRASS™. SPC(33), . LPRINT USING “##stghistian", GTA; SPC(14), . LPRINT USING “s#nssuns”. GTA2
LPRINT ; SPC(50); "TOTAL™, SPC(6), : LPRINT USING "#pidi##s": TONFINRAIN

LPRINT

LPRINT

LPRINT

[.PRINT "RAINFALL VOLUME TO POND AFTER 6 in. RAIN"

LPRINT

LPRINT "OPEN AREAS CONNECTED TO STORAGE™ SPC(8); "AREA (IFT°2)*, SPC(8). “TOTAL VOLUME (I’ TA)"
LPRINT "LAGOON/POND SURFACE"; SPC(19), [.PRINT USING "##uscadsa’ TOPAREA, SPC(14). LPRINT USING
“HHEEEE", TOPAREAT

LPRINT "ROOFS". SPC(33), : LPRINT USING “#audsis#aa™: RTA: SPCUI4). - 1 PRINY USING “tnadk#4", RTA2
LPRINT “CONCRETE"; SPC(30). LPRINT USING "##tunbyhst”, CTA SPCCL4); 2 LPRINT USING “s#sdin”, CTA)
LPRINT “DIRT"; SPC(34Y, : LPRINT USING "wthutinsit™, DTA, SPC(14), LPRINT USING “wristannn”; DTA3
LPRINT “GRASS". SPC(23); LPRINT USING “##a#asdis™, GTA. SPC(14). LPRINT USING "s#ssins" GTA3
LPRINT , SPC(S0): "TOTAL". SPU(6). LPRINT USING "s#pudis"; TSIXINRAIN

END SUB

SUB RECHARGEMENL!
Cis2
PTVOL =0
K 0
A=0
QP 0o
FOCATE 7,200 PRIN| "RECHARGE PIT MENU®
FOCNEY, 22 INPETENTER THE NUMBER OF PUTS OSTOL " 100
POUATE L0 PRINT "PLE NUM T
fFPIT =06 VHEN GOTO S
IFPIT > 15 THEN GOTO 13
LOCATE 1H 25 PRINT"VOL OF PIT - F(=3*
LOCATE 11.47; PRINT “FREQUENCY OF USE (DAYS)”
A=12
QP =1
PT=DMT+ 12
DO
LOCATE A, 12: PRINT ; QP. )"
LOCATE A, 32 INPUT , PVOL
LOCATF A, 56 INPUT : PIIM
PTVOL - PTVOL + (PVOL 7/ I'TIM)

A=A+
QP =0QP ~)
LLOOP UNTIL A - PT
A=A+
1 OCATE A, 10. PRINT “PTVOL = " PTVOL
A=A

LOCATE A, L0, PRINT “PRESS ANY KEY TO CONTINUE"
WHILE INKLYS - " WEND

15 END SU8

S1'B RECYCLING

crs?
{OCATE X, 32 PRINT "RECYCT ING MENLE
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PRINT

TOCATE NG, [k PRINT “ENTI:R THE PERCENTAGFEF OF RECYCL ED EVFLUENT BEING USED FOR:"
LOCATLE 12, 30: PRINT “PERCINTAGE (U TO 100)”

LOCATE 13, 15 PRINT "FLUSH FANKS™

LOCATE 14, 15: PRINT "PITS

LOCATE 13, 40: INPUT . TPER

LOCATE 14, 40* INPUT ; PPER

TPER = (TPER)/ 100
PPER = (PPER)/ 100
CLS 2

END SUB

SUB RERTIN

FILEGD O
NOI =0

1015

LS 2

LOCATE 7,32 PRINT "PROGRAM RE-RUN"

LOCATL: 9, 21: PRINT “A. NEW OPERATING LIQUID LEVEL"

LOCATE 10, 21- PRINT "B. NEW L AGOON SHAPE AND DIMENSIONN
LOCATE 11, 21: PRINT "C NEW OPERATING LEVEL"

LOCATE 12,21 PRINT "D, NEW LAGOON OUTPUT"

LOCATE 13,21 PRINT "E. NFW OUTPUT DATA T'ILE”

LOCATE 14,21 PRINT"F RIFHURN TO MAIN MENU FOR OTHER CHANGES®
LOCATE 15,21 PRINT "G, MOIS THRE BALANCE”

LOCATF *6.2] PRINT"R RET1 RN”

LOCATE 18,21 INPUT "CHOONE A LETFTER AND PRESS ENTER ™, CHOICTR23S

1 UCASES(CHOICE258) = "A" THEN
LOCATE 21, 18 INPUT "ENTER THE DEPTH THAT YOU WQULO LIKE TO START AT (FT).". OL
NOL =1
GOTO 101§

END IF

IF BGCASCS(CHOICE25%) = "B* THEN
CALL LAGOONMENU2
GOTO 1015

END ]I

I LUCANES(CHOICELSSY = "¢ HHLN
CALL CAGOONLI VY
GOTO Tuls

ENEY I

1A ICASESCHOICE 2SS = "D THIEEN
IPIR -1
PPER =0
CALL OUTPUTMENU
GOTO 1013

END IF

IF UCASES(CHOICE25S) = "E* THEN
FILEO =)

CALL OUTFILE
GOTO 1043

UND R

1 UHCASES(CHOICE2SSY = "F" THIN
GOTO 1916

END IF

IF UCASTS(CHOICE2S5S) = "G THEN
IEVILEFO =0 THEN

LOCATE 21, 18 PRINT "GNTER THE FILE NAME TO SAVE OUTPUT SELECT E”
LOCATE 22, 27: PRINT “PRESS ANY KLY TO CONTINUE"
WHILE INKEYS = “"- WEND
GOTO 1015
END IF
IF NOL =0 THEN OL = RROL
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CALL CALC
GOTO 1016
INDIF

U UCASESd HOWCT 288 = "R™ THEN GOTO 1016

I CHOWCE23S - - "A™ OR CHOWC-255 <2 "B OR CHOICT23S - 2 "C OR CHOCE2S3S - = "D OR CHOICE25S -
CHOICE23S - -~ "1 OR CHOICE2SS < - "G OR CHOICEIS ~ - “R™THEN GO 10 1013

1016 END SU3

SUB REVISE
10U CLS
LOCAT I 8, 24- PRINT "LLAGOON MASS BALANCE PROGRAM"
LOCATLE 10. 25: PRINT "A LAGOON LOADING"
LOCATE 11, 25 PRINT "B. LAGOON SIZE"
LOCATE 12,25: PRINT "C LAGOON QUTPUT"
LOCATE 13, 25: PRINT “D RETURN TO MOISTURF BALANCE”
LOCATE 15, 24: INPUT “ENTER THE NUMBER OF YOUR CHOICL *, choicel$
IF UCASES(chowce]8) = "A” THEN
CALL INPUTMENU
GOTO 1000
END IF
IF LCASES(choiccl §) = "B" THFN
CALL LAGOONINF
GOTO 1000
END IF
JF UCASES(chocel §) = “C* THEN
CALL OUTPUTMIENU
GOTO 1000
[IND IF
1 UGOCASESichoieed$) = “D* THEN
GOTO 1001
ENDIF
JELICASEStehoree 15y = =7 THIEN GOTO 100U ELSE GOTO 1G04

(6] FND SE'R

SUR RUNOFFUALC

CRAIN =0 CONCRETE

DRAIN=0 'DIRT

GRAIN=0 'GRASS

RSWA =0 "'LAGOON SIDE WALILS

CNC =98

CND =90

CNG =90

CNSW =05 'ONSW = CURVE NUMBLR FOR THE SIDE WALLS
*SW =SIDE WALLS

RRAIN = RAIN| * RTA "RAINTIS INFT

IF RAIN > 0 THEN

IFMO =il ORMQO=120R MO =1 OR M =2 THEN ‘DORMANT MONTYI
CALL DORMANT

LI SE

CALL GROWING
END I
SC = ouu - ACIC) - 10 “monches
SDD = (10007 ACID) - (0 "1 inches
SG = (10007 ACYG) - 1D i inches

SCSW = (1000 7 ACISW) - 10 ‘1n 1nches

SCTSr=8¢*2 CSOH, WATER RETENTION PARAME T R
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SFINT = SDD e 2
SUIST =86 * 2
SWITST =50CSW* 2

IF RAIN > SCTST THEN ‘FACTOR4 = Q = ACCUMULATED RUNQOFF VOL.
FACTOR' = ((RAIN - SCTST) * 2) /(RAIN + (.8 # S())

ELSE

FACTOR1=0

END If

IF RAIN > SDTST THEN

FACTOR2 = ((RAIN - SDTST) ~ 2) /{RAIN + ( & * $DDy)
EI<E

FACTOR2 = 0

END IF

I RAIN -NGIST THEN

FACUTOR3 = ((RAIN - SGTIs Ty 2) 7 (RAIN < ( R ° SGY)
-LSE

FACTOR)Y =0

END IF

IF RAIN > SWTST THEN
FACTORA = {{RAIN - SWTST) * 2) / (RAIN + (.8 * SCSW))

TWSA=(S 2+ N2 SHY*TD*2*(TLL-TWN+{US* YD > ((TD "1« ((S®* Dy~ 2)* .5)) ¢« 4) e TOP OF
EMBANKMENT

WSA =S 724+ 1)7 YOl P27 (WL WWE - ((S*OL*[@OL" ) - (S OL)~ )~ S)p*4) 'w OPERATION
LEVEL

fl- ¥R =2 THEN
TWSA = TWSA = 8
WSA = WSA ¢S
END I

SWA =TWSA - WSA
ELSE

FACTOR4 =0

END I

CRAIN = (FACTOR1 7 12} * C'TA

DRAIN = (FACTOR2 7 12) * DIA

GRAIN=(FAUCTOR3 7 12) * ¢IA

REWA = (FACTORS 7 12) = S\WA ‘RUNQOFF OF THI: SIDE WAL S
CND Y

RUNOIFEIN = RRAIN » CRAIN = DRAIN » GRAIN © R§WA
LND SUR

SU'B RUNOFFMENU
600 CLS 2

LOCUATE 7, 32. PRINT “RUNOFFF MENU"

LOCATE 9, 15, PRINT “SELCCT TIE AREAS WIHCH RUNOFY FLOWS INTO THE LAGOON "
LOUATL 1). 32 PRINT "A. ROOFS™

LOCATIE 12,32 PRINT "B CONCRLTIT™

LOUAi! 13,32 PRINT"C DIKI™

LOCATE 14, 32 PRINT "D GRASS™

LOUATE 15,12 PRINT “R, RT:TURN

(IR

LOCATE 17, 21. INPUT "ENTER THE LETTER OF YOUR CHOICE ™, CHOICESS
IF UCASES(CHOICEZS)="A" THEN GOTO 6]0

IF UCASCES(CHOICESS) = 8" THEN GOTO 620

IF UCASES{CHOICESS) = "C” THEN GOTO 630

IF BCASES(CHOICESS) = "D" THEN GOTO 040
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IF BGCASES(CHOICE8S) = "R™ THEN GOTO 650
I UCASES(CHOICESS) = " THEN GOTO 600 ELSE GOTO 600

Gl
FOCATE 19015 INPU G “ENGE R THEFE AREA COVERED BY RGOS LT 21 . RTA
GOTO 60N

620

LOUCATL 1Y 1S PRINT "ENTEIR THL ARLA COVERLED BY CONCRI 1t (U172 -
LOCATE 19, 60. INPUT ,CTA

GOTO 600

630

LOCATEEN9, 15: PRINT"ENTER THE AREA COVERD BY DIRT (F: "2y
ILOCATE 19, 60: INPUT ;: DTA

GOTO 600

640

LOCATE 19,15 PRINT "ENTER VHI: AREA COVERED BY GRASS (117 1 ©
LOCATL 19. 60 INPUT . GTA

GOTO 600

630 ENDSLB

SUB SALTIN

CLs 2

QUITI=0

KEY(1) ON

ON KEY({1)GOSUB QUIT

LOCATE 7,25 PRINT "PERCINT OF C3 AND SALTIN FELED"
1OCATER. 6 PRINT "Ca SALTT

[OUATE 9,20 PRINT "A BOAR

[LOCATE .20 PRINT B <1

TOUNTE DL 20 PRINT'C GESTNOW?

TOCANL 12,20 PRINT "D SOW » LITLR”

LOCA L 1220 PRINT " NI RSEPRY™

JLLOCATE 14,20 PRINT "F GROWI-R 50.125”

LOCATE 18,20 PRINT "G, FINISTIER 125-1753"

LOCATE 16.20 PRINT "H FINISHFR > 75"

TOCATE I8 1S PRINT *TO QUIT OR RETURN TO (HE LAGOON INPUT MLN{F
LOUATE 19, 15, PRINT "PRESS '] & ENTER”

LOCATE 9.45 INPUT ; CAB
LLOCATE 9,54 INPUT : NAB
1€ QUITI = | 'HEN GOTO 1022
LOCATE 10, 25- INPLii . CAG
PEXCATE 10, 34 INPHT | NAG
IFQUITYI =1 THEN G010 1022
LOCATE 11,45 INPUT . CAGS
LOCATE 11, 34 INPUT : NAGS
IF QUIT! = 1| THEN GOTO 1022
LOCATE 12,45 INPUT { CASI
LOCATE 12, 34 INPUT ; NASL
IF QUIT! = | THEN GOTO 1022
LOCATE 12.45 INPUT : CAN
LOCATE 13. 54, INPUT ; NAN
1} QUITI =t THEN GOTO 1022
LLOCATE 14, 45 INPUT . CAGR
LOCATE 14, 34 INPUT | NAGR
IFQUIT! = 1 THEN GOTO 1022
TOCATE 1E 4 INPUN L CAR2S
FOCATE T3, 3 INPU T UNARS
QUL = | HHEN GOTO [2?
FOCATIE 16,45 INPUY  CALY~
{OCATE 16, 54 INPUT UNATTS
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1023
PCSCA =2
POSNA = 76

PFWCA = ((43.571 * CAGS) + 15.714)/ 100
PFWNA = (40 * NAGS) + 52)7 100

CAB =(PFB * CAB)/ 100
CAG=(PFG * CAG)/ 100
CAGS =(PFGS * CAGS)/ 100
CASL = (PFSL * CASL)/ 100
CAN = (PFN < CAN)/ 100
CAGR = (PFGR * CAGR) /100
CAL25 = (PF125°* CA125Y/ 100
CAI7S =({PF175 * CA12S) 100

NAB =(PFB * NAB)/ 100

NAG = (PFG * NAG)/ 100
NAGS = (PFGS ¢ NAGS) ) 100
NASL = (PFSI. ®* NASL)/ 100
NAN = (PFN * NAN}/ 100
NAGR = (PFGR * NAGR) / 100
NAT2S (PF125* NA125) 100
NA1TS = (PF175 ¢ NAI125)/ 100

TCA =CAB ~ CAG + CAGS + CASL + CAN - CAGR~ CAI2ZS + (AIT?S
TNA = NAB - NAG + NAGS + NASL + NAN » NAGR + NA{(25 + NA LTS

SCA TCA * PEWCA * PCSCA
SNA = TNA * PIWNA * POCSNA
KEY() OFI

END SUB
SUBSEEPAGECALC

SA=(((S*2=1)"5)* OL»2 ¢ (WL+WWI)+(S 0L *({((OL"2) + ((S™OLY 2N " SN*4)yH(W*L) SEEPAGTL
AREA

[FTRI=2THEN

SA=SA*S3
END IF
KINFILT = { SIC-08 CMISEC
KP = KINFILT * 2834.045 TTDAY
HG = - 19418 HYDRALIC GRADICNT
STIFPAGE = SA ® KPP * HEG TLDAY
END SUB

SUB SPILLCAL

¢Sl =0

VOLTOTAL2 = VOLUME + STORAGF

VOLCS = (W = Lo CS) #(S*(W=L)*US 2 +((4/3)*(S72)*(CS " })) "VOI AT SPILLWAY
SPILLVOL = VOLTOTAL2 - VOLCS

IF SPILLVOL < 0 THEN SPILLVOL - @

iF SPILLVOL -0 THEN CSL = |

ND SUB

SLBSTATUS

Cra2

GTY =4

TOTMA =0

LOCATE 3, 25: PRINT "MANURE AND FLUSHWATER VOLUME"

LOCATE 5. 5: PRINT "ANIMAL NO. OF HEAD MANLURE VOLUME"
LOCATE 6, 60: PRINT "FT3/DAY"

PRINT
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PRINT "BOAR", TAB(30); NB: TAB(60); : PRINT USING "#s## ti*. MVH

PRINT “GILT"; TAB(30); NG; TAB(60); : PRINT USING "peis# 44" MVG

PRINT "GEST SOW*; TAB(20): NGS; TABt6Q); . PRINT USING "¢##7 55", MVGS

PRINT "SOW=LITER"; TAB(M), NSI, TAB(OD, * PRINT USING "##rs wa” MVSL

PRINT "NURSERY™, FABO NN, TAB(60), PRINT UISING “asae sz MUN

PRINT “GROWIEFR 50-128", TAB20). NGROW . TAB(OU,. PRINT UNING w2588, MVGROW
PRINT “FINISHE R 125178 TAR0L NFINI2S TAB(AO . PRINY EINING “waph 897 MVFIND2S
PRINT “FINISHER 175" LAB: - NFINT?S, {ABi6GOS. PRINT VISING "reea g3 MVFINITS

X

TOIMA =MVB + MVG + MVGS « MVSL + MYN + MVGROW - MVFINI2S « MVFINITS
BLD LSV - CSV~-SV-5DV r SAV

LOCATE 16. 50: PRINT “TOTAL =",
LOCATL 16, 59: PRINT USING “gnran 58" TOTMA

LOCATE 18, 1: PRINT ; "FLUSHWATER FLUSHWATER VOLUMIE"
COCATE 19, 61 PRINT USING "d#asi#d". TVOLTEST
LOCATE 21, | PRINT [ "PIT RECHARGE WATER RECHARGE WATER VOLUMIEE”

LOCATL 22, 6) PRINT USING "#auadh”; PYVOL

LOCATE 24, 35, PRINT “PRESS ANY KLY 1O CONTERNUIE"
WHITFE INKLYS =" WEND

Cls2

LOCATE 3. 30 PRINT “OTHER WASTE VOLUME"

LOCATE 5, }. PRINT ; "WASHWATER WASHWATER VOLUME"
{.OCATE 6.61. PRINT USING "s#r##sy", WTVOL

LOCATE 8, |- PRINT , "MISTERS MISTER WATER VOLUME”
LOCATE 9. 61: PRINT USING “#ati4#8", MTVOL2

LOCATE 11, I: PRINT : "DRIPPLRS DRIPPER WATER VOLUME"
LOCATE 12, 61° PRINT USING “hiititits"; DTVOL2

LOCATE 14, I PRINT , "DRINKING CHANNELS DRINKING WATER VOLUME"
LOCATE 15, 6!: PRINT USING “s#&#H#"; DRINKVOL

LOCATE 17,1 PRINT "BEDDING BEDDING VOLUME"

LOCATE 1RO PRINT USING #=engn™, BED
GUIN = BED - DIVOL2 < MTVOL Y « WTVOL + PTVOL + TVOLTENT + DRINKVOL + TOTMA

FOCNAEE 20 40 PRINT "ORAND TOTAL -7
FOCATE 20,60 PRINT USING “ar 24r" GV
ENDSUL B

SUB \WASHMENLU!

CLS 2

LOCATE 7. 320 PRINT "WASH MENU"

LOCATE G 1S INPUT “ENTER THE AMOUNT OF WASH WATER SED (GALY. ¥, WVOIL
IF WVOL = ) THEN GOTO 170

LOCATE 10,18 INPUT “ENTER THE FREQUENCY (DAYS BETWEILN) “, WTIM

{70 WIVOL = (WVOL » WTIM) 7.5

END SUB

SUB WEATERMENLU
200 CLS
NUM =0

LOCATE S, 29: PRINT “WEATHLER LOCATION DATA"
LOCATE 7,22- PRINT "1. JACK O DATA™
LOCATE 8,22 PRINT "2 STIGLER"
LOCATE 9, 22: PRINT "3, WISTCR”
LOCATE 10, 22 PRINT “4. SALLISAW”
LOCATE 11, 22: PRINY "5. SHAWNEE"
LOCATE 12,22 PRINIT "6 BOWL 1FGS"
LOCATT 32 PRINT “7 UALVINT
LOUATILR, 42 PRING "3 STLWART-DATAY
LOCATE Y, 32 PRINT O GOOBWELL"
FOQOCATE 1C 12 PRINT “10 TTOORKER™
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LOUATE [1.92° PRINT "1 S{H{L.WATER”
LOCATE 12,42, PRINT “12. RL [URN"
LOUATE 14,8 INPUT "SELECT THE NUMBER FOR THE LOCATION O JHE WEATHER DATA INPUT >, NUM

PRINT

IFNUM > 12 OR NUM < | THEN GOTO 200

IF NUM = { THEN (3 = "C\WEA FHERJOWEA) .DAT"

IF NUM =2 THEEN (S = "CAWEA THERSTIGWEAT.DAT"
IF NUM = Y THEN 13 = "C::WLATHER\WISTWEAT DAT"
1IIFNUM = 4 THEN IS = "CAWEATHERSALLWEAT.DAT”
1P NUM = 5 THEN IS = "C:\WEATHERSSHAWWEAT.DAT
IF NUM = 6 THEN IS = “C:\WEATHER\BOWLWEAT DAT®
IF NUM =7 THEN ffS = “C.:WEATHER\CALVWEAT DAT™
IF NUM = 8 THEN TS = "C:\WEATHER'SSWEAT.DAT"
IFNUM =9 THEN (5 = "CWEATHER\GOCDWEAT.DAT"
IF NUM = 10 THEN IS = “C\WLATHER\HOODWEAT.DAT”
(FNUM =11 THEN 113 = "CAWIATHER\STILWEAT.DAT"

IF NUM = 12 THEN GOTO 3500

100 OPEN (1S FOR INPUT AS #1
Bry ="
NS ="
DATEL =0
DATLE2 =0
DIF =0
COUNT =0
COUNT2 =0

LOCATE 16,8 INPUT "ENTER THI- BEGINNING DA T (MM/DD/YY ) ~ ", BFS
LOCATE 17,8 INPUT "ENTI & FHE ENDING DATE (MM/DD/YY) - 7. NS

DO WHILE (NOT EOF(1))
INPUT #1,10%, STATS, TEMP. RH. wind. RAIN, SOLAR, D
COUNT = COUNT +
IF BES = STATS THEN DAIT ' COUNT
11" INS = STATS THEN DATE2 = COUNT
IF COUNT =1 THEN STARTS = STATS
IF COUNT = COUNT THEN ENDS = STATS
LOCATIONS = 1S
LQOT

IF DATE! =0 OR DATE2 = 0 OR DATE] > DATE2 THEN
Crs2
LOCATE 5. 10: PRIN| "SELEC TR DATES ARC NOT IN FILF OR ARU IN INCORRECT ORDLR®
LOCATE 7. 190 PRINT “THT FILE CONTAIN WEATHER DATA FROM " STARTS, " T0 " ENDS
1 OCATE 9, 15 PRINT "BLGINNING DATIE =" BIES
LOUATE §0, 15: PRINT “ENDING DATE - ", ENS
TOCATE 12, 10 PRINT “PRESS ANY KEY TO RFIURN TO THE S£1 #¢ TION OF DATES”
PRINT
WHILE INKI'YS - WEND
1.OSL: i,
GOTO 300

END IF

CLOS) =1

LOCATE 19.% URINT“ENTIR 'HE FILE NAMI: TO SAVE THE NEW OLITPUT DATA
COCNTE 200X INPUOL O OUITPUT gadZsa38 DAL -~ 7 MMS
PFNUN - T N MMMMS O -OUTPLT WIST

FNUM = 2 THEN MMMMS = "€ QUTPUTSTRT

IF NUM = 3 THIEN MMMMS = " SOUTPUT WIS TV

1€ NUM = 4 THEN MMMMS = "C:OUTPUTSALL"

IF NUM = $ THEN MMMMS = "C *OUTPUT\SHAW\"

IF NUM = 6 THEN MMMMS = "C"OUTPUT:BOWLY"

IF NUM - 7 THEN MMMM§ = "C 1\ OUTPUTACAL VT

IF NUM = 8 THEN MMMMS "¢ \OUTPUT\SHAW'"
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JF NUM = 9 THEN MMMMS = "C\OUTPUTAGOODY"
IFNUM = 10 THEN MMMMS = "CAOUTPLIMHOOK""
IF NUM = |1 THEN MMMMS = "( \OUTPLUTWSTIL"

MMMS = MMMMS - MMS$ - " DAT™
OPEN MMMS FOR OUTPUT AS 12
PRINT

SO IENDSUB
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