GASP IV SIMULATION OF FLUSH WATER RECYCLING SYSTEMS

ABSTRACT

The evaluation of the performance and the determina-
tion of the optimum design of a limited size re-
cycling system for-livestock waste handling are
highly complex. To aid in evaluating this system,
a computer program has been developed that is capa-
ble of modeling the effects of alternate flushing
system designs and management operations. The
model inputs include animal category, water storage
container dimensions (multiple storage areas are
allowed), flushing frequency and flush volume. The
model defines the internal processes occurring over
time in various components of the system, and
determines the effects of management decisions on
the system's performance. This paper describes the
computer model including available management
options. In addition, the results of a simulation
are presented and discussed.

INTRODUCTION

Many changes have been experienced in livestock
production in recent years. Producers have switch-
ed from small diversified operations to large spe~
cialized production units. This practice has been
encouraged as land prices have increased, federal
water quality standards have been enacted, and
labor has become more difficult to obtain. In
addition, with increasing prices, livestock waste
once viewed as a worthless nuisance, is becoming a
valuable source of fertilizer. To meet these new
criteria of design, producers require livestock
facilities with efficient waste handling systems.

One system used to meet some of these new criteria
is the flushing of livestock wastes from facilities
to outside-storage. Such a system presently re-~
quires relatively large quantities of fresh water
with sufficient storage or a lagoon in order to
provide waste water treatment prior to recycling of
the flush water. Fresh water volume requirements
limit the practicality of this system. Likewise,

the disadvantages of lagoon type systems, including .

state regulations, excessive nutrieant loss, large
land areéas and initial comstruction, also limit
their application (4,5).

The above-mentioned factors are causing limited

size storage volumes with recycling systems to be
considered as a viable altermative. These systems
should reduce the nutrient loss to a level closer
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to that of pit storage, reduce land area require-
ments, and thereby minimize initial construction
costs. The system's size must provide adequate
volume for the waste solids to settle out and be
stored as well as for keeping solid concentrations
in the supernatent low enough to allow recycling.

Little information is available to assist produc-
ers and engineers in understanding how limited
size recycling systems will perform. One model
has been developed to monitor various parameters
and determine their interaction, but it is limited
to one species of livestock and does not allow for
modeling the effects of management (1). Analyti-
cal solutions cannot accurately account for
changes in settling rate, solids concentration or
sludge buildup, because of long periods of calcu-
lation with changes occurring frequently (2,6).

The model described here was developed to aid in
determining the optimum deésign and operation of
limited size recycling systems. By monitoring
various waste water parameters as they change with
both time and management decisions, the model
provides producers and engineers a tool to aid in
the evaluation of these systems. The model,
called FLUSH (Flowing Liquid Utilization as a
System of Handling), was developed so that a
number of waste handling alternatives could be
readily evaluated. By manipulation of various
input parameters, the user retains control over
such sub-systems as recycling of flush water,
sludge wasting options, mixed liquor wasting
alternatives, as well as the. physical design of
the system structures,

FLUSH was designed not only as a tool for the
engineer, but also as an aid to the farmer so that
he may be able to evaluate readily his existing
needs with respect to livestock waste handling
systems for enclosed animal-units, The simulated
system was given this two-fold capability by means
of dividing the input data into two sectioms: a
scientific section for the researcher/engineer and
a "hands-on" section for the extension programmner/
farmer. '

THE FLUSH SIMULATION PACKAGE

The limited. size recyecling system depicted in

Figure 1 can be factored into a quadra-component
flowchart for simulation purposes. The four
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Flush simulation {(continued)

components in the flowchart would represent the
"materials" of the system and their continuity, the
materials being 1) rapidly settleable solids, 2)
normally settleable solids, 3) suspended solids,
and 4) waste-water comprised from urine, feces, and
dilution water (3). A simplified systems dynamics
flowchart is presented in Figure 2, which would
typify the "continuity" of any one of the compo-
nents in the system. This idealized flowchart
would, for the most part, be duplicated for simula-
tion of materials flow in Stage 2 to Stage N, de-
pending on the desired number of storage tanks to
be incorporated into the system. An upper limit of
2 tanks exists for the current FLUSH package.

As can be seen from the flowchart, total levels of
solids and water in the system can be ascertained
by summing across the quadra-component chart, then
solids concentrations, solids production, superna-
tant and sludge depths can be derived from these
summations.

The computer simulation of the flush manure han-
dling system is based on the continuity relation-
ship:

QI = Influent flowrate

C;- = Influent concentration
1 o .

QO = Effluent flowrate

Co = Effluent concentration
1 ‘

The mass. (or volume if specific weight conditions
are accounted for) of component 1 at any point and
time in the system can be determined from the in-
fluent concentration of component 1 and the flow-
rate to the-point, the corresponding effluent
characteristics, and the time period of study. For
convenience, the '"materials" flow of this simula-~
tion will be volumetric.

The FLUSH system was programmed in the GASP IV
fortran language, utilizing the combined continuous
and discrete technique suggested by Pritsker (7).
The reasoning behind selection of GASP IV was four~
fold:
1. The FORTRAN format of GASP IV allowed for
the mathematics in the simulation to be
readily handled,
2., Applicability of the system to the GASP IV
input-output format,

M'assT = [QICI - QOCO 1 *dt &) 3. The system could be described as a "flow
1 1 1 of materials" problem, readily addressable

where N to GASP IV continuous simulation techniques,
Mass,, = Change in concentration and

1
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FIGURE |. SCHEMATIC DIAGRAM OF THE MANURE FLUSH SYSTEM SIMULATED
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4. The added range of the GASP IV simulation
language to incorporate such discrete time
events as addition of dilution water, manipu-
lation of flow rates, monitoring of solids
concentrations, sludge wasting options, and
time~dependent cycling events into the FLUSH
simulation system.

PROGRAM INPUT

The input format to the FLUSH program is subdivided
into two entries; (1) the scientific data input
package providing basic tools for the manipulation
of the simulated system by a researcher/engineer.
This package is pre-programmed prior to "hands-on'"
utilization in an extension application. (2) The
"hands-on" farm input package that allows a farmer
to evaluate his system with the very basic inputs
that would be readily accessable to most any farm
operation. Once the simulated system has been pre-
programmed by the design engineer encorporating
data such as solids settling regime, solids concen-
trations, etc., the FLUSH package becomes readily
accessable to the farmers' input consisting of

basic livestock management data. Because the sci-
entific input package preprograms the simulated
system for a variety of animal waste types, the
scope of utility for the "hands-on" system is great-
1y enhanced.

SCIENTIFIC DATA INPUT PACKAGE (SDI)

A sample input data sheet for the SDI package is
presented in Table 1. Inputs involving waste
composition, waste production rates, characteristics
of the waste with respect to a dynamic settling
system, and physical design parameters of the system
such as desired solids concentrations and storage
tank structural characteristics are developed in
this package for up to 10 different animal waste
categories (i.e. swine feeder hogs, sows with
piglets-farrow house, etc.).  The SDI comsists of

81 data cards, each explicitly detalled in the
program documentation.
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FIGURE 2. FLOW CHART OF A COMPONENT IN THE SIMULATED
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Flush simulation (continued)

FARM EXTENSION INPUT PACKAGE (FEI)

A sample input data sheet for the FEL package is
presented in Table 2. In this package the farm
operation being simulated is described according ‘to
animal category, number and average weight of
animals, food and temperature adjustment factors,
selected sludge handling, recycle procedure and
capacity, and basic physical design parameters.
The FEI consists of 11 data input cards, each
explicitly described in the program documentation.
Within the FEI are a number of inputs which allow
for various methods of system management.

One of the management input decisions controls the
method of settled sludge removal from the storage
area. The sludge can be removed on a periodic basis
or when the sludge reaches a specified level. TFor
periodic removal the user must provide the interval

between removal operations. If the interval is too -

long the sludge level will incréase until it fills

the entire storage capacity of the first tamks. At
that time all of the additional solids produced
will enter a second storage area. These two
options allow the user to evaluate two different
design requirements — one in which the system must
be designed for a fixed management procedure and
another in which the management must vary to allow
for fixed design specifications. ’

The method for dilution water addition can also be
selected in the FEL. Because the maximum allowable
solids concentration in the mixég liquor has been

set in the SDI package, when this concentration is
achieved the model will automatically add dilution
water in the component where required. Water will

-continue to be added in that component until the

concentration is less than the control limit set

in the SDI. Dilution water will also be added if
the mixed liquor depth goes below the limit speci-~
fied in the FEI. The four alternatives for dilu-
tion water addition are: 1) no dilution based on

By Animal Category:

TABLE T -

Scientific Data Input Package (SDI)

Daily production of water per Kg of animal

= . Kg/Rg-DAY (0.10)%

Daily production of solids per Kg of animal

Kg/Kg~DAY (0.10)

For All Animal Catégories:

Maximum concentration of solids in the mixed liquor —————~—————————

Concentration of solids in the mixed liquor which is low enough to

stop the dilution pump

a/ Values used for simulation presented.

Percent solids in the waste as produced % ( 15
Percent of total solids produced that are rapidly settleable solids % ¢ 70.)
Percent of total solids produced that are normally settleable solids . % ( 20.)
Percent of total solids produced that are suspended solids ——————— % ( 10.)
Solids demsity in the waste as produced Kg/M3 (1,200.)
Density of the total waste produced Kg/M3 (1,000.)
Percent of total water produced in the urine % ( 80.)
_Percent of total water produced in the feces pA ( 20.)
Cumulative percent of total daily waste output e&ery 2 hours during
aday =— 4 s s s s s s s ta s s 7

(0. »10.,20.,30.,40.,50.,60.,70.,80.,85.,90.,95.,100.)
Percent water in the total settled sludge % ¢ 90.)
Tank 1 éhape factor (settling rate adjustment) (1.0)
Tank 2 shape factor (settling rate adjustment) (1.0)

Rg/M>  (50,000.)

Kg/M>  (10,000.)

Decenber 5-7, 1977




time, only on the concentration of solids in all
tanks, 2) dilution based on time in storage tank 1
and the flush tank, and on concentration in all
tanks, 3) dilution based on time in storage tamk 2
and on concentration in all tanks, and 4) dilution
based on time and concentration in all tanks. For
methods utilizing time sequenced dilution, the in-~
terval must be specified as well as the length of
operation. This allows the user to develop manage-
ment procedures which will prevent excessive solids
concentrations in the mixed liquor without requir-—
ing the operator to monitor their level.

The method of wasting mixed liquor must also be
specified because the model does not remove any
mixed liquor when the sludge is removed. No
maximum volume is specified for tank 2 because it
must be able to hold all the overflow from tank 1
if the option of mo mixed liquor wasting is utiliz-
ed. Other options for the mixed liquor include
condinuous wasting (wasting rate must be specified),
wasting based on solids concentration in the mixed
liquor, and wasting based on mixed liquor depth.

TABLE II

Farm Extension Input Package (FEI)

Sludge removal interval

Animal category (l)a
Number of animals (200.)
Average weight of the animals Kg (68.)
Tank sizing procedure

~Size restrictions included M3 (90.)

~No size limit, program determines tank size required -

Maximum tank depth M
Tank surface area

SO — M% (30.); -Tank 2 ————mm=———— M
Initial volumes of water in the tanks .

—Tapk 1 =——————— M3 (30.); -Tank 2 ————=e—————e M3 ( 0.)
Minimum depth of supernatant water for recycling =—————w———— M (.3
Recycle pump capacity M3/Min( .1)
Volume of the flush device M3 (3.0)
Sludge removal procedure

-All settled sludge removed at a specified time ---—---— x)

~Settled sludge removed according to settling rate ———-—

Dilution water addition procedure

-Dilution based on solids concentration only ———m=—mw——— xX)

-Dilution based on solids concentration and time for

min (20,160.)

any combination of tanks

~Length of operation per interval

Dilution interval length of operation per interval ————————- min

min

¥ /Min( .1) -

Dilution flow rates

Mixed liquor removal procedure

—Continuous removal

-Removal based on concentration of solids =w—w—————-—-—

)

-No removal allowed

Allowance for evaporation

-Considered

~Not considered

a/Values used for simulation presented.

Feed ration factor (waste production adjustment) ~em——————m—— (&H]

Temperature factor (waste production adjustment) —-——=w—-=———— eh)
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¥Flush simulation (continued)

The FEI allows the modeler the choice of either

simulating a specified system (tank 1's maximum v‘ !
volume specified) or letting the simulation deter-— = SETTLED SLUDGE WASTING EVENT
mine the size of tank 1 required. 3§

-

¥

PROGRAM QUTPUT ug
d 0 LA M ) T T )

The FLUSH program has been designed so that a num- {a)

ber of output formats can be achieved, giving the
user greater versatility in obtaining his exact
needs. Output is available for all of the compo~
nents described in Figure 2 and for each of the
four components of the simulation system: rapidly I

settleable solids, normally settleable solids, s
suspended solids, and wastewaters (urine + feces + 3
dilution water). a1
oK
A FLUSH simulation was performed on a 200-head §§
swine finishing building, and some of the results = o+ T y v ¥ r

are presented in Figure 3. The data input for the ()
SDI and FEI packages is included in Tables 1 and 2.
The graphs presented in Figure 3 show the changes
in the a) settled sludge depth, b) mixed liquor
depth, and c¢) mixed liquor solids concentrations in

the simulated storage tank. As can be seen in <
Figure 3a, the settled sludge depth increases uni- gE
formly until the time when the management decision 2,
to remove all the settled sludge occurs (Table 2 ~ 8 z 104
Sludge Wasting Procedure). At that time all the SE
settled sludge is removed, after which the solids 3 =
again began to build up uniformly. S5k
o
The mixed liquor solids concentration (Figure 3c) Qg
increases throughout the simulation. Removal of F0 0 T v T T 1
settled sludge does not remove mixed liquor solids ° ! 2 3 " 4 s
as indicated by the continual increase in mixed TIME - MIN. x 10
liquor solids concentration. The gradual change in te}

mixed liquor solids was one of the primary reasons
for the development of this model, because the
waste management system may work well for a time

Figure 3. RESULTS OF A FLUSH SIMULATION

period but eventually these solids must be diluted.
FLUSH can be used to determine when the mixed liquar
solids concentration is above exceptable limits and
the amount of dilution water required. This would
be difficult to do with reasonable accuracy using

hand calculations.

Changes in the mixed liquor depth (Figure 3b) were
small for the example simulation run, owing to the
time interval plotted. Figure 4 indicates the
changes that are occurring in the mixed liquor
depth using a smaller time interval for plotting.
As previously noted, the FEI package requires a
minimum depth of mixed liquor to be specified and
when the mixed liquor depth becomes less than that
minimum the dilution pump is operated. Determining
when or the amount of dilution is required to ol . ' '
maintain a minimum mixed liquor depth would be 0 30 60 90
difficult for a long time period. TIME ~ MINUTES

FLUSH EVENT
3 G

MIXED LIQUOR DEPTH-m

Figure 4. MIXED LIQUOR DEPTH
VALIDATION VARIATION RESULTING
FROM RECYCLING

A limited size recycling system is being constructed

at the University of Kentucky which will allow for
model validation with controlled operating condi- .
tions. However, the concept of program validation
is complicated because there are two basic sources
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of error, the model and the SDI package. Error in
the model should be limited because it utilizes a
calculation system which maintains a mass balance
throughout the simulatiom, il.e., solids produced
must be in the flush device, storage tanks, or
must be removed. The SDI package data may contain
errors, resulting from the research techniques used
to obtain the data compared with actual operating
conditions. Even if one considers the present lack
of program and data validation, the model provides
a tool capable of more accurate results than hand-
calculated estimates.

SUMMARY

The model described provides a tool for both the
researcher and the producer to use in evaluating
flush system designs. It is capable of determining
design problems prior to construction and evaluat-
ing proper management procedures for systems
currently in use but not functioning correctly.
Use of the GASP IV simulation language permits the
model to display the results of the simulation in
a variety of ways depending on the final use. The
program maintains applicability at almost any
stage in the design evaluation process and is
limited almost only by the ingenuity of the user.
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