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1.0 SUMMARY

Two (2) numerical models are presented that simulate the influent channel of City of
Houston’s 69th Street Wastewater Treatment Plant. The models evaluate the impact of the
sudden starting of one and two pumps. These pumps generate a shallow bore resulting in the

sudden acceleration of the wastewater throughout the preliminary treatment works. The

model demonstrates that the acceleration front reaches the aerated grit chambers with little
dissipation. This disturbance may contribute to the flushing of inorganic solids.
The solution of two explicit numerical models are presented. The models are

programmed into an Excel Spreadsheet for calculation. First the Method of Characteristics

solves the governing equations for velocity and celerity. The model converts these values to
flow rate and water surface elevation. Then the Lax-Wendroff solution technique for solving
the Saint Venant Equation calculates the velocity and the water depth. Both models use a
known upstream boundary and a sharp crested weir downstream boundary. The modeling
duration is typically about sixty (60) seconds. The wave travels the 180-foot length of the
channel within the first fourteen (14) seconds. The models produce some overshoot of the
peak value. The length of the downstream weir is adjusted to minimize the overshoot. The
Saint Venant Model has a more pronounced overshoot. But the Method of Characteristics
produces more numerical dispersion when the Courant number is less than one.

The model uses an initial condition of steady state flow at 18.75 cubic feet per second
(cfs). This is one fourth of the plants average daily flow. Since there are four influent
channels, the models represent the system with one channel carrying one fourth of the flow.
Then the channel’s flow rate is suddenly increased to 47.7 cfs at time greater than zero. After
resetting the model to the initial conditions, the flow rate is suddenly increased to 76.65 cfs.
Also, a gradual increase and decrease in flow rate is evaluated.

The Method of Characteristics model is very useful when a constant cross section
represents the system and an appropriate time step is chosen. The Saint Venant solution
could be expanded to represent the geometry of the channel more closely. The choice of the
downstream boundary presented problems. Because the weir system minimizes changes in
elevation, future modeling work should use a constant level reservoir for the downstream

boundary.




2.0 INTRODUCTION:

This report examines the hydraulic transients found in the preliminary treatment works
of the 69th Street Wastewater Treatment (WWTP) Plant. The discharge of energy and
momentum from pumps starting and stopping causes a velocity surges as those found in
closed conduits. The sudden acceleration of the water forms a shallow water wave resulting
in a transitory surge. This dynamic flow scours sediment from the channel and travels
through the grit removal chambers. A numerical model of the influent channel represents the
physical structure in order to gain a better understanding of the performance of the
preliminary treatment works.

The 69th Street WWTP serves an area of 200 square miles of mixed use development.
The average flow treated is approximately 70 million gallons per day (MGD) with wet
weather peaks in excess of 350 MGD. Since it went into service in 1982, the plant has
consistently exceeded the permitted treatment criteria. An effluent sharp crested weir
measures the plant’s flow. Figure 1 shows the daily average flow for 1995 as provided by
City of Houston, Department of Public Works and Engineering. Significant rainfall events
cause daily average peaks in excess of 200 MGD. When it rains, the infiltration and inflow
into the wastewater collection system cause a sudden increase in flow. This surge of water
flushes out the built-up solids. The reactors see a sudden buildup of inorganic matter that
does not decay. The increase in solids challenges the treatment plant operators to control the
solids in the reactors. The high level of mixed liquor suspended solid requires an increase in
the rate of wasting sludge. How do the grit chambers work to minimize the impact of this
first flush of solids?

The influent sample consists of a 24-hour composite sample drawn from the splitter
box located upstream of the secondary reactors. This sampling point is after the preliminary
treatment; therefore, since the wastewater does not contain rags or large particles, sampling
problems associated with trash and grit is eliminated. ~There is no sampling program of the
preliminary treatment system. The operators monitor the bar screens and grit removal systems

for mechanical problems, spillage and dumpster capacity.
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A twelve (12) foot diameter tunnel feeds the plant’s pumping station that lifts the
sewage up and into the preliminary treatment area. This pump station includes four (4)
variable speed and four (4) fixed speed pumps. The variable speed pumps use a magnetic
coupler and a logical controller to throttle the speed of the pumps. The system adjusts the
speed of the pump to match the requirements for pumping the diurnal flow pattern thus
eliminating the need for frequent starting of pumps. This report considers the impacts of wet
weather surges that pass through the variable and fixed speed pump(s). When the wet
weather induced surge reaches the pump station the fixed speed pumps are put into service to
handle the peak. How do the surges generated by these pumps impact the operation of the
preliminary treatment works?

2.1 MODELING GOALS:

This report describes a model used to identify the dynamic flow field in the preliminary
treatment works of 69th Street Wastewater Treatment Plant. A numerical solution to the
governing equations models the rapidly varied flow in the influent channel. The model
answers the question of how quickly changes occur in the treatment works. Modeling the
operation of the pumps demonstrates the impact on the channel flow.

The model predicts the hydraulic surge as the wave propagates through preliminary
treatment works. This author believes the grit chambers store inorganic solids that are
released when the wet weather peaks pass through the system. This model will predict the
impact of starting a fixed speed pump on the dynamics of the grit chamber operation.

The other goal is to evaluate modeling strategies. The limitations of the solution
technique as well as the theoretical basis of the model shall be identified. A sensitivity analysis
will be performed to identify the important parameters.

2.2 GENERAL APPROACH:

A numerical model will be programmed into a spreadsheet using an explicit numerical
method to solve for flow through the preliminary treatment works. The explicit scheme
approximates the partial derivatives of time and space. Two sets of governing equations will
be used to solve for the flow: the Method of Characteristics, and the Saint Venant. The

primary purpose is estimate the unsteady flow at the grit chamber.




The Method of Characteristics guides and steers the calculations of the finite

difference method used to solve the Saint Venant Equations for flow (Abbott, 1979).
Furthermore, because the finite difference solution of the Saint Venant Equation is not
satisfied at the boundaries, the method of characteristics solves for the boundary values. The
two boundaries modeled are a known flow and a control weir. The influent channel is

approximated by an ideal channel with a fixed cross sectional area and a constant slope. The

Saint Venant Equation could approximate the actual geometry more closely; however, due to

the averaging techniques used, a closely spaced grid with a small time interval is required.
3.0 HYDRAULIC SETTING AND CONCEPTUAL MODEL.:

The 69th Street Sewerage system is modeled as a one-dimensional nearly horizontal

flow. The flow is subcritical except at control structures such as weirs. A known discharge
upstream boundary is coupled with a controlled discharge downstream boundary. The
channel geometry is approximated for stability of the model.

The model uses a simple representation of a channel with constant cross section and
friction. The input function of flow is varied over time to represent actual wet weather surges.
The capacity of the influent pumps as shown on the City of Houston, Department of Public

Works and Engineering, 1979 Design Drawings are listed in Table 1.

Table 1: Pump Capacity

Pump Type of Capacity Capacity (cubic Total Dynamic
Number Pump (gallons/minute) feet/second) Head (feet)
P-201A Variable 36,000 80.2 31
P-201B Variable 36,000 80.2 31
P-201C Variable 36,000 80.2 31
P-201D Variable 36,000 80.2 31
P-202A | Fixed 52,000 115.8 31
P-202B Fixed 52,000 115.8 31
P-203C Fixed 52,000 115.8 31
P-203D Fixed 52,000 115.8 31
4
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Although actual pump start stopping data was not obtained, it is assumed that when
the storm surge reaches the plant very rapid changes in pumping take place. The assumption
includes the doubling of the variable speed flow in 60 seconds, the sudden starting of one (1)
fixed speed pump, and the sudden starting of two (2) fixed speed pumps. These are believed
to be common occurrences during wet weather events. The model assumes an initial

condition of one variable speed pump running at a discharge of 75 cubic feet per second. The

model uses one fourth (1/4) of the assumed flow rate, since all four (4) channels are normally
in operation during peak demand.

The City of Houston, Department of Public Works and Engineering, 1979 Design

Drawings detail the preliminary treatment works and the hydraulic profile, see Figures 2 and
3. The preliminary treatment system consists of the following:

e Entrance structure

e Four (4) Channels

e Four (4) Bar Screens

o Eight (8) Aerated Grit Removal Chambers
The entrance structure receives flow from four (4) force mains, and it routes the discharge
onto the four (4) influent channels. A sluice gate located at the entrance to each channel is
normally open. This gate is closed in order to drain the channel and the grit chambers for
maintenance. Each channel is 6-feet wide which then expands to 12 feet wide and two feet
deeper over a length of 8-feet. The bar screens are located in this expansion that is twelve
(12) feet in length. The channel width is narrowed back too 6-feet over a 16-foot reach after
the bar screen area. Each channel divides the flow into two (2) aerated grit chambers. The
entrance to the grit chamber is a sudden expansion at the chamber wall.

Each aerated grit chamber is a rectangular unit twenty-one and a half (21.5) foot in
width and twenty-five (25) feet in length. There is a slight bottom slope across the width.
Coarse air bubble diffusers are located between a baffle wall and the side of the tank. The
baffle wall runs the length of the tank. The air flow acts like a pump, and it creates a rolling
velocity perpendicular to the flow through the tank. An auger the length of the tank moves
the grit deposits to a sump. The solid-liquid slurry is pumped to a hydrocyclone. There is one

(1) inclined-screw classifiers for four (4) grit chambers. The liquid is recycled to the influent




channel upstream of the grit chamber. The classified grit is dropped into a roll-off dumpster.

The de-gritted wastewater flows over a weir and onto the splitter box which routes the flow
to the first stage reactors. A trough is located the width of the tank and near the weir. This
trough triples the effective weir length and minimizes changes in the water surface elevation.

The model ignores the curvature off the channel as well as the bar screens. Also, the

effluent weir in the grit chamber is approximated for stability. The trough is not modeled at

all. The models approximate the channel as a constant width, depth, and slope. The effluent
weir approximation should not impact the estimated flow rate. The water surface elevation is

not accurately measured due to the approximation of the weir length. The model is intended

to estimate the flow rate at the entrance to the aerated grit chamber.

4.0 MODEL DESIGN AND RESULTS:

Two techniques will be evaluated for the dynamic modeling of this system. Both
methods are programmed into a computer spreadsheet, and are used to calculate the time
variations in the flow rate. First, the method of characteristics is the basis for a finite
difference scheme as presented by Stoker (1958). Then a solution of the Saint Venant
equations is programmed into another spreadsheet.

4.1 THE METHOD OF CHARACTERISTICS:

The method of characteristics models rapidly varied dynamic flow. Stoker (1958)
presents a mathematical proof of this method. An explicit finite difference scheme in a fixed
rectangular grid of the spatial and time plane approximates the differential equations. The two
sets of characteristic curves are solved to determine the characteristic at a future time step.
The slope of the curve is equal to u + ¢ where c is the wave celerity defined by c=Vgh, and u is
velocity.

Governing Equations:
2{(ctv) 0/ox + dlot}c + {(ctv) 0/ox + dlot} v+ E=0

-2{(-c+v) 0/0x + dlot}c + {(-c+v) d/ox + d/ot}v+ E=0

Cl curve: dx/dt=u+c

C2 curve: dx/dt=u-c

where ¢ = (gh)
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Along the C1 curve, u + 2¢c+Et = constant, and along the C2 curve u - 2¢ + Et = constant.

where E = -g§ + gS¢

; = acceleration due to gravity

¢)

S = Physical Slope

S¢ = Frictional Slope
These relationships provide the basis for a simple numerical solution that uses a the method of
finite differences in a fixed rectangular grid. See Figure 4 below. The initial conditions are
known. The solution for the celerity and velocity at point P is found by solving the following

equations (Stoker 1958):

TIME STEP

At
At

Q P Z
At

L M R X Y
At
At

Ax Ax Ax AXx Ax Ax Ax Ax

Figure 4, Grid for Method of Characteristics solution
by substituting difference quotients for the derivatives in the governing equations:
2{(cmtvm) (em-cL)/Ax + (cp-cm)/At} + {(cm + vm) (Vm-VLY/AX + (Ve-vim)/At}
+ E(vm,cm) =0
-2{ (-eamrtva) (Cr-cm)/Ax + (cp-cam)/At} + {(-om + V) (VR-Vm)/AX + (vp-vap)/At}
+ E(vm,Cm) =0
The equations are solved to find the two unknowns vp and cp
vp=vVym + A/AX [( op + va)(V2ve, - V2va + c - )
- (onm - vm)(Yevm - Y2 vr - v + cr) - AX*Epy]
cp = oy + 2AVAX [(( o + vm)(Yaeve, - Vovm + cr - Cv)

T o | P Ao A R Lo
+ (cm = VMm)(72Va = 72VR = Cv cr)]




The results from the above equations determine both the depth H and flow rate q.

Hp = cp’/g

qe=vp*Hp * b; where b = channel width
The new values of depth and flow are loaded back into the initial values for the next set of
calculations.
4.2 BOUNDARY CONDITIONS:

The upstream is a known flow boundary that is solved by using a modification of the
method presented by J. J. Stoker, 1958. Stoker presents the following equation for the
upstream boundary with a known head.

vo=v + At { 1/Ax(c, - vi) (2¢L - 2cm- v +vm) - Ep} + 2(co - 1)

However, since co = Vgh at point Q, v, cannot be solved directly. The 2cq is moved to the
left hand side, resulting in the following equations:

f (%) =vq-2¢co=vy+ At { 1/Ax(cL - v) (2cL - 2¢m - v + VM) - EL} - 2¢

vo = q /(hg*b)

co="V(ho * g)
The model interpolates values for velocity and celerity (Casey, 1992). The value of v and ¢y
is adjusted for the actual slope of the characteristic and the ratio of At to Ax. This procedure
is performed at both boundaries. The value of h at point Q is solved by Newton’s Method
(Hoffman, 1992).

fe(xi) = [f (o) - f(xi)] / [x(i+1) - xi]
or x(i+1) =xi + [f () - f(xi)]/ [ “(xi)

f (o) = is the next approximation of the function.
where f‘(xi)=[q/hb -2V (h*g)] dh = - g/ (b * h"2) - 2*[-Y% V(g / h)]
The first approximation is made by h = hl. Since the solution converges rapidly, the
spreadsheet calculates four (4) iterations at each time step.

The downstream boundary is a sharp crested weir for which a depth to discharge
relationship is established. A similar method is used with the forward characteristic to

calculate the water surface elevation at the downstream boundary.

vz =vy + At { ”A.‘{[(C\,' i i \«'\,’) (2¢cx - 2¢cy + vy - \f‘\')] -Ey} +2(cy -cz)




f (%) = vz +2¢cz = vy + At { 1/Ax[(cy + vy) (2cx - 2¢y + vx - Vy)] - Ey} + 2cy
Using the standard sharp crested weir equation q = L * 2/3 V(2g) y*3/2 a relationship
between depth and discharge is formulated. Substituting q/A into the above equation:

f(x) =L * 2/3 V(2g) y*3/2 / (h*b) + 2 V(g*h) + Et
where y = h - constant. The constant is the height of the weir above the channel bottom.

The derivative of the above equation is complicated by the relationship of h to y.
Therefore, the secant method (Hoffman, 1992) is used to approximate the value of h. This
method approximates the nonlinear function f (x) with a linear function g(x). The function
g(x) is a secant to f (x). Two initial estimates of x are required for the following equation:

(%) = {f[x(@)] - £ [xG-1)]} / [xG0) - x(i-1)]
where the secant line is given by

{f (@) - f [x@]}/[x(i+1)-x(1)] = g’[x(D)]
solving for x(i+1) yields

x(i+1) = x() + {f (@) -  x@1}/ g'[x()]

This method does not converge as rapidly as the Newton method used for the upstream
boundary. Eight iterations are performed for each time step. The above derivations of the
boundary conditions is also applied to the Saint Venant solution described below.

4.3 SAINT VENANT EQUATION:

This method is used for calculation of the interior points within the grid. The
boundary point shown as q cannot be calculated with the above equations since there is no
forward curve to establish the | to p relationship. The method of characteristics described
above solves for the boundary points. The Saint Venant Equation is solved for the interior
points.

Saint Venant Governing Equations:
The continuity equation is expressed as follows:

b(GH/ct)+0q/ox =1 where i= inflow to the channel
and the momentum equation as:

oq/ot+(0/0x)(q*/ A)+gA (OH/ dx+sp-5)=0

momentum conservation law according to Abott (1979).




(™" - (U + up" )/2)/At + [(U%/2 + gh) ;" - (Y2 + gh) ;1" ]/2Ax =0
the mass law of the Lax scheme:
[h;™" - (" + hy.y" )/2)/At + [(uh);i" - (uh) ;1" J/2Ax = 0
Wood (1994) describes the Lax-Wendroff explicit scheme using the mesh shown in Figure
4A. A system of equations with one unknown are developed. The q and H values are known,
then the values of H™"' :"_F- npand g™ ; 2[- 12 are calculated using approximation of the form
of fot =2/t [ %n - (f5u +%) /1 2]

for the time derivatives. The space derivatives from the St. Venant continuity equation above

112 .7 ~
H™ "1z 1s found from

Vo (B"a+b%) [H™ %2 Y2 (H'a+ HY)] 2/At + VAX (%1 - q5) = Y2 (%0 +1%)
when =0
H™"%00="% (H+ HY)] + A/[Ax (0" +b")] (q%+ - q%)

n+1/2 . o - .
and q° “j+121s found from momentum equation

2/At [q™ %12- Y2 (it Q7)1 + 1V/AX [(G°/A)" - (Q77AY]
F g/2 (A% + A%) [1/Ax (HY:- HY) + ¥ [(s¢)"1+ (s¢)- 8] =0
q""%an =% (@t ) + At/2A%) [(G7/A) - (@7/A)41]
tAt g/ 4 (A% + A% [VAx (H- Har) = 72 [(s¢) 1t (s¢)"] + 8]
The St. Venant equations are solved using the following form
offet=( - 1)/ At
H""; is calculated by

VAt [ b (H™. - HY)] + VA (@ % - " %0) = 16 1%

IIn-lJ_ ‘“nj_ At fr(ﬂ,\' bn.] ) (qnl .. qn-:-'.!l )

and q""; is calculated by

1/At (q n 1-1 £ qn_i ) + 1/Ax [(qlf{A)"| o (q:ffA)l“ | I

t

e + | ”;.'-_~ {1/Ax ”!I"_i.__ “'.'1__.__. + % Sf_nl-'.:-"_"_ Synl.ri.’-'_ -8} =
2 (A™ %05 + A ") {1/Ax (H™ - H" "5 ) + 2 [(s0)" "ot (s6)™ 5] - 8} =0

=
(i =]

q n.l_l__: qn_l At/ Ax * l(qz-“(A.)n-]tJ-'-'. - (QEE‘A)”II{IJ ; ]

+ AL * g/2 (A" + A™% 1) {1/AX (H™ - H %008 ) - Y6 [(s6)™ 506+ (56)™ 541 - 8)

The method is stable with the time step limited by

At/Ax =1/ v+V(gH) ]
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The q"""'_i_-,- is estimated form the average flow of q™"';- q"; * 0.5. The Ax . term is found
from the characteristic of H"; and q"'';.
4.4 MODEL DESIGN:

Excel Spreadsheets solve the above equations. The calculations are performed on a
series of worksheets that are part of one workbook. A macro copies the flow rate and water
surface elevation to a separate sheet and then recalculates the worksheet. The macro is
located on “Modulel” and is implemented with the “Ctrl A” key combination. The “Ctrl D”
combination is used on the Saint Venant Model. If over thirty iterations are to be saved the
data is manually copied to another worksheet.

Figure 5 shows the first work sheet. This worksheet, “Sheet1," contains fields for the
adjustment of the engineering parameters as follows:

e Time Step interval -- cell C1

e Reset to Initial Conditions -- cell E1

e Flow Rate -- cell Gl

e Manning’s “n”-- cell I1

e Weir Length -- cell G2
Cell C5 contains the flow rate for the upstream boundary. It includes an if statement that
resets to the initial flow rate should the reset cell be set to 0. The same is true for the water
surface elevations. When the reset cell is set to zero, then the sheet uses a pre-defined initial
elevation for the boundary elevation. Other areas define the channel width, slope and bottom
elevation. This sheet is the same for both models: The Method of Characteristics; and The
Saint Venant Solution.

The method of characteristics model contains two additional calculations sheets.
Sheet2 calculates the boundary conditions - see Figure 6. Sheet3 calculates the interior points
on the grid - see Figure 7. When the spreadsheet is set to calculate, Sheet] updates the values
of flow and water surface elevation from Sheet2 and Sheet3. Then these updated values are
used to calculate the next time step.

The Saint Venant Equation model uses three additional calculation sheets. Sheet2
calculates the 1/2 time step at 1/2 grid points - see Figure 8. Sheet3 calculates the boundary

conditions as in the Method of Characteristics Workbook. Sheet4 calculates the full time step




at full grid points - see Figure 9. When the sheet recalculates, the values of flow and water
surface elevation update the values in Sheet].
4.5 VERIFICATION AND SENSITIVITY ANALYSIS:
The above models contain ten (10) calculation points or nine (9) cells. The first test is
a constant flow. The flow does approximate steady state conditions after numerous iterations.
The number of iterations required will vary significantly with the chosen initial conditions.
Figure 10 shows the results. Also, the model is tested with zero flow. The water surface
approximates the weir elevation and the flow approaches zero at all points, see Figure 11.
A sensitivity analysis identifies the important variables. The analysis began when flow
rate doubled at time equal to one. The sensitivity analysis included the following variables:
e  Weir Length “L”
e Manning’s “n”
e  Channel Width “W”
e time step “t”
e Change in Flow Rate
The models are very sensitive to the weir length, channel width and the time step chosen. The
weir length and channel width will result in significant over or under estimation of the surge.
The manning’s n value within the range of 0.01 to 0.03 has little impact on the model results.
The values shown in the following tables list the parameters used for the sensitivity analysis.
The weir analysis shows a significant over or under estimation just after the surge
reaches the weir. Over estimation was significant for weir lengths greater than 17 feet or
channel widths to weir length ratios less than 0.35. Also, there is an under estimation when
the ratio of channel length to weir length is greater than 0.4. The Method of Characteristics
Solution has a significantly less error that the solution of the Saint Venant Equation. The flow
rate over the weir is plotted on figures 12 and 13. Furthermore, it appears the magnitude of

the surge impacts the error associated with the weir length.




Table 2: Input Parameter for Weir Length

Analysis | Weir Length | Manning’s | Channel time step ratio
(feet) 5 Width (feet) | (seconds) | Channel/Weir

Weir 12 0.013 6 1 0.5

Weir 15 0.013 6 1 0.4

Weir 16 0.013 6 1 0.38

Weir 17 0.013 6 1 0.35

Weir 18 0.013 6 1 0.33

Weir 21 0.013 6 1 0.29

The variation in the friction factor or Manning’s “n” tended to flatten out the slope of
the surge at the higher values of n. The expected range of this value is between 0.010 and
0.020 for the channel being modeled. The results are not significantly different within this
range of values. Therefore, the final model uses a manning’s “n” value of 0.013. This value
should provide adequate results for this modeling exercise. The flow rate over the weir is

plotted on figures 14 and 15.

Table 3: Input Parameter for Variation in Manning's “n”

Analysis Weir Length | Manning’s “n” for | Channel Width | time step
(feet) MOC - St Venant | @€V (seconds)
Mannings “n” | 16 0.010 0010 |6 1
Mannings “n” | 16 0.020 0.011 6 ]
Mannings “n” | 16 0.030 0.013 6 ]
Mannings “n” | 16 0.040 0014 |6 1
Mannings “n” | 16 0.050 0015 |6 1
Mannings “n” | 16 0.060 0.020 6 1
Mannings “n” | 16 0.100 0.025 6 1




The analysis of the channel width shows similar results as the weir analysis, however,

since the ratio of “Width to Weir” is over a larger range the results are more significant. See

figures 16 for the flow rate over the weir.

Table 4: Input Parameters for Variation in Channel Width

Analysis Weir Length | Manning’s n | Channel Width | time step ratio
(feet) (feet) (seconds) Width/Weir

Width 16 0.013 2 1 0.13
Width 16 0.013 3 1 0.19
Width 16 0.013 4 1 0.25
Width 16 0.013 5 1 0.31
Width 16 0.013 6 1 0.38
Width 16 0.013 8 1 0.5

Width 16 0.013 10 1 0.63
Width 16 0.013 20 1 1.25

The variation in the time step had a profound effect on the models' results, see figures
17 and 18. The Courant Number gauges the time step for an exact solution:

Courant Number = (At/Ax) [v + V(gH)]
The model was not stable for a Courant Number greater than one. The time step of 1.35
seconds, Courant Number of 0.994, produced a very sharp front, see Figures 19 and 20. This
is the most accurate representation of the idealized model. Courant Numbers of 0.35 and
larger produced an output with a wave front. The time steps associated with the Courant
Number of 0.07 and 0.007 produced no noticeable front at the weir. The Courant Number is
a good indicator of the degree of numerical dispersion generated by the model. Courant
Numbers approaching one will minimize numerical dispersion. The Saint Venant Model
predicts a steeper wave front for Courant Numbers of 0.35 and 0.70. Apparently the Method

of Characteristics is more susceptible to numerical dispersion than the Saint Venant Model.
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Table 5: Input Parameters for Variation in time step

Analysis Weir Length | Manning’s n | Channel Width | time step Courant
(feet) (feet) (seconds) Number
time step 16 0.013 6 0.01 0.007
time step 16 0.013 6 0.1 0.07
time step 16 0.013 6 0.5 0.35
time step 16 0.013 6 1 0.70
time step 16 0.013 6 1.35 0.994

4.6 RESULTS

The following input functions simulate both the sudden starting of pump(s), and the
operation of a variable speed pump:
Scenario 1:
att<=0: q= 18.75 cubic feet per second
at t>0: q = qo+ 28.95 = 47.7 cubic feet per second
Scenario 2:
att<=0: q = 18.75 cubic feet per second
at t>0: q=qot+ 57.9=76.65
Scenario 3:
att<=0: q=18.75 cubic feet per second
at t>0: q= qo*(1+1/60) andt>90 q=q,* (2.5 - (t-90)/60) end at t = 180

The wave for the sudden starting of pumps travels through the channel very quickly.
Figures 21 and 22 show the results. This is an extreme condition for the channel as well as the
model. The starting of the fixed speed pump(s) changes the treatment parameters quickly.
The following tables show the flow over the weir at the time steps associated with this front.

The Courant Number for the analysis were 0.9. The sensitivity of the Method of

Characteristics model is shown by the lower values of the flow gradient.




Table 6: Scenario 1 Wave Front

Time Step | Saint Venant | Flow Gradient MOC flow Flow Gradient
flow (cfs) (cfs per second) (cfs) (CFAs per
second)
10.8 18.95 0 18.75 0
12.0 23.95 4.2 23.38 37
13.2 38.60 12.2 32.60 /sl
14.4 52.37 Il 41.31 7.3
Table 7: Scenario 2 Wave Front
Time Step | Saint Venant | Flow Gradient MOC flow Flow Gradient
flow (cfs) (cfs per second) (cfs) (cfs per second)
10.8 18.95 0 18.75 0
12.0 2123 6.9 27.88 1.6
13.2 58.90 26.4 50.39 18.8
144 85.30 22.0 71.66 17.7

Scenario 3 demonstrates that both models are extremely stable for gradually varied

flow, see figures 23 and 24. A complex input equation could model a wide range of flows.

5.0 LIMITATIONS:

These models are only valid for the influent channel as described above. These models

quantify the flow and the magnitude of the surge that reaches the grit chamber. The

calculation of the water surface elevation is not accurate due to the adjustment made to the

weir length. Therefore, the figures show the calculated flow only. Also, the models assume

the waves travel in one direction without reflection. The actual channel generates a complex

system of waves that we represent with a single wave.

The sudden discharge of the pumps at full capacity is not realistic, since pump systems

require a finite amount of time to build momentum. The motor does not instantly reach full
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speed. Also, the elasticity of the force main dissipates the surge. However, for time steps
greater than one second, the sudden surge into the channel is reasonable.

The model does not include the effects of the bar screen or the associated expansion in
the channel. The model ignores the head losses at the bar screens and the associated
disturbance to the wave. The expansion of the channel minimizes the bar screens impact on
the water surface profile; however, since the model quantifies the flow, the bar screens impact
on the wave propagation 1s of concern.

The model does not attempt to describe the complex flow field in the aerated grit
chamber. The ninety (90) degree turns into the grit chamber and the sudden expansion are not
modeled. The expansion probably will flatten out the surge. Also, the pumping action of the
aerated grit chamber creates a rolling velocity perpendicular to the direction of flow. The
rotational acceleration may impact the surge. Also, the entrained air could dampen the impact

of the surge as it travels through the grit removal chamber.
6.0 CONCLUSIONS:

The model demonstrates that rapidly varied flow travels quickly through the
preliminary treatment works. The wave velocity is about fifteen feet per second. The waves
travel quickly from the preliminary treatment to the reactors and onto the effluent weir. The
procedure described in this report could model the entire plant. A plant model requires
development of a numerical representations for the grit chamber, reactors, clarifies, and
filters. Also, procedures for recirculation of the flow are needed.

The sensitivity analysis showed that the wide channel tends to flatten the slope of the
wave. The bar screen area is a source of potential error. The 20-foot grid spacing does not
allow for the modeling of the actual width and depth of the channel. The Courant condition,
At/Ax <= 1/[v + V(gH)], requires adjustment of At for the change in Ax. Therefore, a closer
grid spacing would require many more calculations. Decreasing the grid spacing from twenty
(20) feet to two (2) foot would require one tenth of the time step. The number of iterations
would increase by a factor of one hundred. The Excel Spreadsheet is quite capable of

performing these calculations, but it would require more computational time.




The Method of Characteristics is valuable part of an explicit hydraulic model, and the

procedure provides a viable technique for the calculation of the interior points between
boundaries. The choice of a control weir boundary presented problems. A better choice may
have been a constant elevation reservoir, since the long weir tends to minimize elevation
changes in the grit chamber. The Method of Characteristics is an excellent solution for the
rapidly varied flow problem described in this report. Chandhry, 1987, warns under his Section
12.7METHOD OF CHARACTERISTICS, “This method is not suitable for systems having
numerous geometrical changes, and it fails because of the convergence of the characteristic
curves whenever a bore or shock forms.” He includes the procedure for calculation of the
boundaries in the explicit models he presents. The Method of Characteristics is very sensitive
to the time step and the associated Courant Number. Therefore, this model requires
adjustment of the time step in order to minimize numerical dispersion. The Lax-Wendroff
explicit solution of the Saint Venant equations exhibits less numerical dispersion. Also,
because this solution should be more stable for changes in channel geometry, it could be

expended to represent the actual channel with a constant elevation downstream boundary

However, due to time restraints this project does not include this expanded model.




ACKNOWLEDGMENTS

[ want to express my appreciation to Dr. Theodore Cleveland for his guidance and
support, during his classes and research consultation. I also express my appreciation to
Dr. K. H. Wang for teaching “Hydraulics of Open Channels”, serving on my review
committee and taking the time to critique my work. Also, I appreciate Dr. M. T. Garrett

for sharing his experiences in wastewater research while with the City of Houston.

['would like to thank the City of Houston, Department of Public Works and Engineering,
for there wonderful tuition reimbursement program that provided funding for this project
and my course work. There were many people within the Department that have provided
support, guidance and encouragement that I would like to mention. First Mr. Herb Fain
for his strong support and encouragement throughout the program. Mr. Dave Peters, I
thank you for introducing me to the University of Houston’s Masters’ Program. My
current supervisor Mr. Doug Bernard and our Deputy Director Ms. Hilda Scott for their
patience and support. The entire staff of the Wastewater Operation Division, but most of
all Ms. Teresa Battenfield, Ms. Thien Nguyen, Mr. Zaki Ahmad and Mr. Gurdip Hyare.

They provided data and access to the 69th Street Wastewater Treatment Facility.

[ thank my wife and daughter for their encouragement and support through the years.
Thank you Tina and Christine for the love, patience and encouragement that made this

project possible.

19




REFERENCES:

Abbott, M. B. 1979. Computational Hydraulics, Elements of the Theory of Free Surface
Flows. Pitman, London. 324pp

Casey, T. J. 1992. Water and Wastewater Engineering Hydraulics. Oxford University
Press, New York, New York. 270pp

Chaudhry, M. H. 1987. Applied Hydraulic Transients. Van Nostrand Reinhold, New
York, New York. 521pp

City of Houston, Department of Public Works and Engineering, 1979. Drawing Number
19219, “69th Street Wastewater Treatment Plant, Lift Station and Preliminary Treatment
Facilities”, unpublished, Houston, Texas. 159 Sheets

City of Houston, Department of Public Works and Engineering, 1996. “Effluent Data for
19957, unpublished, Houston, Texas. 1 diskette

Hoffman, J. D. 1992. Numerical Methods for Engineers and Scientists McGraw-Hill,
New York, New York. 825pp

Stoker, J. J. 1958. Water Waves, The Mathematical Theory with Applications.
Interscience, New York, New York. 567pp

Wood, W. L. 1993, Introduction to Numerical Methods for Water Resources. Oxford
University Press, New York, New York. 255pp

20




MTX dINNA69 96/./C\

96-UBl  G6-99Q G6-AON G600 S6-deS Gg-Bny  gGe-Inr ge-unt  Ge-Ae|y  Ge-idy  Ge-lBy  GG-Go4  gg-uer

——————— . + + — S— —— + r— - . D
e\ ?ﬁéz\}é &
; £
_ =
3
| 5
|
051 @
| 5
| =
“ 7]
| ©
B
| - ooz &
052
00€

mo|4 Ajreq abesaay Jueniy3g
d.LMM 1991318 4169

L @anbi4




/B-0%

Srs#on
—

Vi
F4

éfff_

o

|

b=
2 i
e f - S -
o i B —
b~ . Tou
— 4
— 3 .\I'
g
Lote: £S jndiedses cfectrica/
sSupperis, See shac?
SPIA for omrsis.
- e ————

|
i

L W -1 \.
L' Come. Slab

1L s

o i
™ .
T oo with Star
| 4 o Wil
,_ | L |
QL y ? £ |
3 ' = - PO
Fou Sfe #5 < (
2 - 3 ‘
\n l\ S -y .3 b | - {
== - = i
‘?; S BT —_ * = |

WALL CURVE DATA = NS cree b 554 oo _ L




113

i.i.?':

Oy

)

™ l &Ppe crossover |
—— M som qera)’s sfrey |

3
it
B —~t1-—— Srit Kerronal
]
b )
{1
i

Il
'
}.'E
n
i

Bt b
Gl =

: W il L
~ R
W e Bk L
o coimainy
g . B0 o i
= Al e g — .
FE LA AL U T e OTHER DEPTS :

e DG NOT MODI?

4-10-52

: Preliminary Treatment Plan

, z
o N

s d ¢ A 021205

“are e
= HOTES: % et
1. GRAYED DRAIN SEE ERVIR
BNG FSITR LICATIONY.
TYPICAL SECTIONSHEET
2. SEE GENERAL NOTES. SHEER:

3. FOR PIPE SUPPORTS A SRy
SHOWN TRIS-SHEET SEE=S

e by ey

2|
7y
o

TREATMENT PLANT §
PRELIMINARY §
TREATMENT :

PLAN i

i

CiTY OF HOUSTON

DEPARTMENT OF PUBLIC WORKSE

ArFmOvALE




- -0 g AN
L-1"g [ 5
.l*.'f_ll,‘J"“ i

e
E 4401
1 ™MaAX

\TE




Figure 3: Hydraulic Profile I

— S, 42 82 MAX
— ACRLTIIN  wEE

— AT LA y
WER RpeT A TTER BLX bl . WSE. 2479 MOX. @ -4 REACTOR PRES
EL. t 4215 'NECLNT [ 4145 May ,-'I I I.-&,|’R..(,P_~E,-b‘f / .18 es. @ O -
4 FrB0AL | a4ccoEs / [ BSabt / 5249 MNe. @ O
[ sa¢m pvG / | / 32.9% MIN. & « &'
[ 284 MIN f [
[ S X / |
40751 DE% / / I
/ A1 AV — THE 450 | /
I,' o ol (1N |II I,"r | f CLARIFIER LiSE, 22710 MAYX
f : FQ S —TWE. 4%.0% / / “z. &1 DEA
f b | TS—TwWE 4500 f / 5 / / 2344 NG
f . = J v / = / = 28 MING <
o »
S e e = F—¥-NOTCH LER
& SRR et H ” U / | cmesT eLzese
; = - L | f / / BOTTOM EL 333
i : LUILE N 25 = 5 /
i A B o 255 i f; | g /
- (g li-f ' peueanict | |1 — il !
U {2 LATEL N / .
PAITTERELY = s :
“ anAr | LA Ny i .
3 VALVE % 5
| | = : B
= e Ye _,’ »
FLOW
—— \ »
. . \
EL 1200 \ | “ | [
EL. 2500 J A
EL.LLE bl »
7 AR T S s S |2 « L1 14
S e e e e . ,/ELUO '| ’
) ﬁ % ; EL IS E |
e BEP BN &. di ' 1 L
Elist | INE RCLP | e | e F
— = 42w
PLITER POX & SIEP REALTOR —_FLow :
- = L3 2 ffir : I B4y "INV, a0
of !

oF
.q*"‘ P%.
F I. ._E‘_ ..ﬁ. L]
weh , 388M e
Ry
LOCKWOOD, ANDREWS
and NEWNAM,INC.
ENGINEERS ~ PLANNERS
— FOR ARGED PLAN OF 7
:Lowa:_nru IN THIS AREA e Lr e B
bnéepliocics T S T
63th STREET
WASTEWATER
TREATMENT PLANT
HYDRAULIC PROFILE 1
' CITY OF HOUSTON
NOTE. SEE APCI DRAWINGS FOR DEPARTMENT OF FUBLIC WORKS |
LATEST REVISIONS AR
TSRS e e g
e /4&4-—"
OTHER DEPT'S
1.:" phd i} ,_\_‘I: '.’7."4 5{ 2
Tl -v---w--- =0 Bl W
mrpﬂlf memango wv, KCA Z rd
HYORAULIC PRSFILE oM LYDRALLIC PROTILE DN e MR
HT EN-ID SUT. EN-IT s went wo, 5~ or TF snewre




STX'8NNEOOW 96/LIZ
7 iy | | [£89LSEY | | S |
i | R e, W loLiser | | b2 )
e [EEBLIGEY | _ | £C |
_ _ TG | [906LSEY | 22 |
_ I |BLBLSEY | I 12
O i _ _ [1sossey | m 0z |
T [ “ [PZieser | " 61 |
s, _ “ _ | | {issT LELBS'EY T e
_ [ES9E66'0 | Jequinp jueinod| |69zesEY | . L1
_ n 2 i _ 6PEBSEY | “ [ 91 |
[ | S e i e _ _ |zes000 | _ [ [A373 SM| | 51|
£S6SE'8Z |S9L1000 |SO-329°€ [€298SE'L (02 mBQ Pl |p/8E9EL |8P0Z80'L |€ZLO9VE |9 [o |2L89LLS [8'LE |£89/S°EY | [zisosZ€ 8L |O} (¥1 |
Z119€'8Z |P911000 [S0-329°€ [SSSRSE'L |02 _Nm;h bl [96E9°EL |816180°L |19S99°PE |9 [o |zosLiL's |gie B |eesosZe [SL |6 €1 |
29€'8Z [¥9L100°0 [SO-329°E |88YESE ) (02 [vezzLv) |ovOpe'El [282180) |96699 7€ |9 [0 |E€BLLS |8'LE |EEBLSEY | |LES0S LE |SL |8 2} |
ZY9E'8Z [¥911000 |SO-319°C |Z2veSEL (02 | L6ZZL¥L |ZEWOEL |LVOL8O L |SEPIOPE |9 [0 |8c06.4.°s |g'L€ |90625°€F | |pSOS'LE [SL |2 m
8G9£'8Z [€91100°0 |SO-IL9°E |SSERSE | |02 |69€ZL 7L [81ZFO'EL [LISIBO'L |12BLOVE |9 [0 |sez6LL's [gie |62645°E | |e¥sos L€ [SL B (01 |
SP/9£'8Z [€91100°0 |SO-3L9°E |8828SEL |02 [2vPZL Pl [POEPOEL [9Z€180°L |BOCBIVE |9 [0 |€1508L'S [8'2€ | 1so8SER | |sPS0S L€ [SL |s (6 |
POG9E'8Z |£9L1000 |SO-ILS'E |2228SE | |02 [pLSZL VL [6EVOEL |vZIBO'L |vPiBIVE |9 [o |pziBLs |gic [pZiecEr | |svsos'LE |S2 I 8]
190L£'8Z (2911000 [SO-IL9°E |SSI8SEL |02 [98SZL L [9LFPO'EL |EOLLBO'L [1BLEIPE |9 [0 896186 |86  [/618SEV | |evs0s L€ [SL € lira
61Z/£°8Z [2911000 |SO-319°C |6808SE'L |02 8S9ZL'FL [LOSYO'EL [996080'L |£1969FE |9 [0 |seozeLs (g€ |6ozsser | |2€s0s L€ [SL 1z ER

LLELE'BZ | 1911000 [SO-319°E |E0BSE'L |02 |22L2L'v) |SSOPS'EL [298080°L [S600LFE |9 0 [Le¥E8L'S (8'LE |6FEBS EF |6ELZSSEEY [S'LE |52 e
Xp/yp 3 S|  (es)i|  xeyep| PP 9| NERET Y| wopeq/A3T13 @_sm Al @p)b| moyed [ [
aAEM 18 | € |
! | 2TF | . (91 - [8 |09 | ! { | &

€100 =u S'l€ =b } |65 [SE'L dajs s L

7 O [ T T T R TN [ [T S I T | [ G T S i e [

ISPOIN sSdlisiajoeieyD JO POYI3N JO LI33Yys

G ainbi4




r

3 X ENMNHOON

| | | = <ummm.\m._ 1 ,mmm_;.._\u | | - | | | 1 | | [ i
= | | | | 1 | AT | | | | | | . T . . 92 |
» E—— + 4 4 - + +— - + - + — + + VN
| } ] | | | | Ao ) . | | , | 57 |
o 12489450 [Z/89.LG [ESESEBL | | | | | | | | | | | 22 |
lo | ESBSE B2 |2189/50 [2/B9/.°G |ESESEBZ | | | R et | | | | | ] [ 12 |
[0 | E565€ 82 |2489/S°0 |Zi89LL'S [ESESEST ‘ | | | ] | | | | i S
|0 |ESESE B L€ |Z/89IS0 |Z/89/L'G [ESESEBE | | | PR e | | | _ | | ] 61 |
o |ES6SE'BZ [SO-3Z9E |SIS0S LE [Z/89/S0 |Z/89/LG |ESESESZ | | | | | | | | | [—— A
o ] )zt | |ESBSEBC |SO-IZIE [GIG0G'LE |Z/89/S0 [Z/89/LC |€SESEST | | | | | Bl i | | [ | | | L) |
[} |ezerazl | |ES6SE'BZ |SO-3Z9E |SISOS'LE [2/89/G0 |2/89//G |ESBSESZ | | _ _ | l | | | | | 91 |
IS |ezesazl | |ES6SE'8Z |SO-3Z9E [GIGOSLE [2/89/S0 |2/89//°G |ESESEBE | | | | | | | [ ] [ | E3
|6186 |€ZE89ZL |EV-38'V- |ESEGE'SZ |SO-ITIE |SISOSLE |Z/89/S0 |2/89L°C |ESBSEBE | | | E= | | | | | | a2
|6L186F |ZzER9zl |60-329°¢ |Z1505 L€ |ZL89LLs T SE | | | | | | ! (£ |
| |zzesazl | |S0-329°€ [Z1505 L |Z/894LS SO-IZ9E |L6SLLLS | 816180} |9BE9°ElL |VIBEIEL 80’} |8YOZBO | [208/41°G |2189.L | 21 |
[ ®B] 2| | ] ) _ [ . _ | A _ IA| 60] 6A| OIA| BA] 0bA| m
Jiam moaao ayj Je b mau Joj sanos] 0b
| | - | 1 e et | | | | | ” _ | | “ | _ [ 6 |
ZYoyST- [ISESET  |S9BL0- [0 |vzizee- | 1299080 | | | | | | | | | | 8 |
ZravSZ- |[SESET [SB98L'O- [SI1-39€- [vZIZ 9T | 299080 | ] | | | | | | | | | £ ]
ZYOvSZ- |ISESEZ |GB9BLO- |EL-IS - (velz 9L | |z99080 - | _ | T m | | | 3 ER
ZYovSe- [[S6SETC |SB9BLO- [90-3/97 |vZIZSZ- | |zes080 oz SPO'El |Z6080°L |L9SYSEL [GGOVO'El 996080} |Z99080'} |SEOZELG |I6VEBLS | S |
s 0wAB)-| (q A A)b- 3p Apjup w/b Xpyy S0 SA 00| 0A ¥
| = b | I j+u=) | | [ I (bz) efieyosip dwr (¢ |
] ] ] | | | | | ] ! ! | | ! s ] 5 &
| | [ | | | | [s2800 | Wi3HL| £l !
[ P TSR] [ T [ T N T W | T [ [ [ TR [ ] e 4 R0 e Sl R

[2POIN SalIsuUaloRIRYD JO POYJaN JO Z)eays
9 ainbi4




STX' 8NNEDO0ON 96/L/121
e~ { { — 4 - ! | - 4 —— | 4 — OF o S— vF
9ES0SLE 9LLS'ey |200LLL'G |96E9°EL [816180°) [L0-36.'9 |882€20°0 |£6000°0- |692SS 2h |26£000°0 [zsizL vl |6 £l
OES09'LE |€EBLSEY |€E8LL'S |OVOVO'EL [€818O0'L [L0-3L0°L [182€20°0 |£6000°0- |898SSZ) 160000 |p22ZL bl R Zl
EVS0S LE |906L5'¢y |8S06LL'S [2ELv9'€L |8Y9180'L [L0-320'8 |9/2€20°0 |£6000°0- |/9655°Z) |16L000°0 |L622L ¥l L % bE
9VSQS LE |6L6LS'€v |98/6LL'S |812v9'EL [ZUSI80') [L0-395°6 |L92€20°0 |£6000'0- |2909S°Z} |16£000°0 69€2L ) |9 0}
8YS0G'LE |1S08G'€Y |€1S08L'S [VOEYO'EL |L/€180°L |90-390° |652£20°0 |£6000°0- 19919521 |6L0000 |2¥¥eL ¥l |S | B
OYS0S e vel8s'ey v2l8L'S |6evo'cl |L9Zl80'L [90-3¥0'L |252€20°0 [£6000°0- 992952} (620000 |pLSzL bl I 8
9vS05'LE |L618S'EY |L9618L'S [SLYYO'EL |9OLLBO'L |L0-3¥8'8 |SPZEZ0'0 |£6000°0- |S9895°ZL 6820000 (9852L YL |g e L
6ES05'LE |6928S'EY |v6928L'S |LOGYO'EL |L96080')L [L0-3G'9 |8EZEZ0'0 [£6000°0- |SO¥OSZL |882000°0 18592L%) |2 9
| L S
b — | s 1 e | — | I e =
~ (1+)b! :iEH.I. (L+DA] C+ao.u|2+s>. >m=mu,_| W3,Xp| WO-IA-WA|  WA-WD |0-[0+WAJA| WA+LWO | fl £
_ _ _ [4
§290°0 XpAp _ }
s__.__z__,____.__o_m_m_a_o_m_,u

ISPOI SdljsuajoeIRYD JO POYI3|N JO £199YS
. aInBi4




g

Lo

STX ENNHAN 96/LIT1
| _ _ , |€8SLS'LE [16SP.L6'L [68LO9VE |Z869LL'S [869/SEY [LE€280L (02 |9 [0} vl
6¥8YS LE |ZVBELO'0 |ESEZLO0 |68YL0O0°0 |LBLSEY |LPESS'LE |SS6V.6'L |L908IVE [ZOLOBL'S [LOBSEY |BE8ZBO'L |0Z 19 6 €l
ZLLYS LE |SPZ00°0- |#9LO0'0- |28000°0- |BELBS'EY |LBIVS LE |LOZSL6'L [ZE969'VE (2/28L'S |2/Z8S'EV |LS1Z8O'L |0Z 19 '8 4!
L9.¥S'LE |2€€000°0 [SS2000°0 [Z¥O00'0- |LOVSSEV |L8LYPS LE |SLSSL6'L |ZSTLLVE |2¥S8L'S |2pSBS'EV |6/9180°L |02 19 |2 Li
LE8YS'LE |#21000°0 |SO9000°0 |E¥000°0- |Z/98SEV [8S8FS LE 688S.6'L [L98Z.VE |ZLLI8BL'S [LLBBSEV |86LL80°L |0 9 19 oL
v96¥S LE |EEYO00'0 |ZEB0000 (#0000~ |LP6BS EV |¥BEYS LE |¥OZ9L6'L |98YPLVE |LBO6L'S |LBOBSEY [LELOBO'L |0Z 9 Y 6
€LLGSLE [66L000°0 |LSS000'0 [SE000°0- [9LZ6S €Y |202SS LE [9LS9.L6°L [L609L VE |v6YEEL'S |6VEES EY |€62080°L |0Z 9 ¥ 8
£€2SS'LE |#OVL00'0 |890Z00'0 [90000- [S8VYESEV |LL6VS'LE |VEBIL6'L [BELLLVE |ETI6L'S |ECTIBSEV |9LL6L0°L |0 19 € L
V825G L€ [€LVO0'0- [L¥P00'0- |PPEO000 |PSLES'EY |LLYOS LE |STLLLE'L |BETBL VE |6CL8B6L'G |€L86S €V |L996/0°L |0Z |9 4 9
EVZSS LE |¥PEOZO0 |6L¥PZ0'0 [80¥00'0- [Z2009EY |G LE GESLL6'L |ZSEL8VE |¥SZZ08'S |STZOIEY [89L2L0°L |02 |9 I S
, | . _ sjo| _ _ ¥ Bl SAHL Bl v

Z/\Lb| I+).|(S'y)ensp| /zvb eyep| Z/ILH|b L |ease A |H |A |xp 1q R

_ 4

WV 226 | | P !

S BT R R T T A T SYURE O A O e frix- Y

|OPOIN JUBUSA JUIES JO Z}9BYS

g ainbi4




STIX'ENNNAW 96/L/2Z1
£8255°L€ |/8E000°'0 [€0L000- [L0BSEY |6 [PELO00'0 |6¥8YS'LE |L6LYL6'L [612/9°VE |6698LL'S |L8/SEY |9 5’6 m
89¥S'L€ |288000°0 |S6000°0- |2.28S°Eh |8 [PEL000°0 |ZLLYS LE |SOLSLE'L [€889'VE |¥BELBL'G [8EL8S'EY |9 5’8 0L
9Z8vS'L€ [L1EL00°0 [/8000°0- |€¥S8SEY |/ (PELO00'0 |L9/¥S°LE |8LYSLE'L |SYPOL'VE |$LOVBL'S |LOVES'EY |9 s, 5
Ze6YS'LE |G55100°0 [18000°0- |Z188SEY |9 ___|VEL000°0 |/€8YS'LE |€ELSL6'L |290ZL'VE [LL98L'S |LL98S'EV |9 |s9 8
$90SS°Z€ |109L00°0 |82000°0- [2806S'EY |S |EELO00'0 |¥O6YS'LE |/V09L6') |8IELPE |99V68L'S |L¥6SEY |9 5'G ]
LL2SS'LE |€95100°0 [18000°0- [SE6SEY | |€€1000°'0 |€LLSSLE |LOEQL6') |L62SLVE [1912Z6L'S |9L26G'EY |9 S¥ 9
¥€0SS'LE |¥25100°0 |68000°0- |€296S €Y |€ __|€EL000°0 |€€2SS'LE |VL99/6°L [LLBOLVE |2S8Y6L'S |S8VBS €Y |9 lse g
LL¥9S'LE |€15100°0 |86000°0- [€/86SEY |2 |E€L000°0 |182S5°LE |2869/6') |VZS8LVE |¥SL6L'S |vSLESEY |9 52 2

Py _. v |EEL000°0 |€¥2SS'LE |662LL6°) |SELOB'YE |¥22008'S |22009°Er |9 B £

9 } Z

Iy b |puz ‘Iny"bisL ny b | inyTy | Z/LiS Z/\b B ZILVY ZILK 2/ q . I
z_.__x_ﬁ___:_o_u_uﬁo_o_m_q

ISPOJN JUBUSA juleg JO $)99ys
6 ainbi4




SIXDIdH3aA

6¢

96/6/21
(spuooas) awi)
001 06 08

0/ 09 0s

o€ 0}

Ll
JUBUBA 1S

8l
O0ON

_ 6l
) -
ﬁ 0¢ MW
1z
ee
__“,,_"., €2
2
G2
abieyosiq Jueisuo JO UoEILIBA

0] 2an31y



STIX'D1443A ; 96/6/C1

(spuoogas) awn

00€ 0s¢ 002 0S| 001 0S 0

JueUSA 1S
ooN — |

o
(s32) b

cl

14

9l

8l
0c
MO| 4 ON JO UOIeDNLIAA

[ ] 94n31y




STIX'SNNHOOW

1z=1—
gl=1—or
L1=1
91=1
1=
Zh=1—

09

L€

(oes) swn

ov 0E

yibua nap 03 AjAnisuag |2pon

71 2an31j

solsuajeley) Jo poye

0¢

0]’

ol

Gl

0¢

G¢

o€

SE

ov

96/L/C)

(sjo) b




SIX'ZNNYAW [4> 96/2/2)

(spuooes) awn

09 0S o 0€ 0¢ 0] 0

Sl

}2=) i PR
0z
Ll=1— |
9l=1 [ S¢
=]
G1=1 [
.
pL=T + og
ZL=1—
¢
ey T — e |
53 [ OF
|
S

yiBua 519 03 ANARISUSS [9POW

€1 2an31

uonenb3 JuBUSA JUIES




STIX'INNEOOW

0L'0=U
90'0=U —
G0'0=U—
$0'0=U
€0°0=U
20°'0=U

L0 0=U —

(spuodes) awi)

0] 0t

b1 2ansiy

.U, s,Buluuepy 03 Ajanisusg

sonsuapeIey) Jo poyleinN

0c

0l

ol

n
Sk

0¢

G¢

0€

ov

96/€/C1

(sj2) b



SIX'ENNHAN ve 96/£/21

(spuooas) awi)

0€ 8¢ 9¢ ve (A4 0c 8l 9l 14 A 0l

Sl

§20°0=U——
020°0=U —
§10°0=U——
p10°0=U—
€10°0=U

(sjo) b

Zlo’o=u
LLOO=U
oL00=U——

,u,, s,Buluuepy o3 AjAnIsuas

S| 2an31g

JUBUBA JUIES




r
-

STIXLINNEIO0ON 96/¥/C1

(spuodas) swn

09 0S oy 0€ 0c 0] 0

Gl

0Z=M — L 0z
0L=M -
AR |
|
9=M — L sz
G=M _ —
SRS a
i \ .@..:
€=M e [ %
Z=M —— S R “
= L se
t Ov
|
L gy

UIPIM |2uuey) o} Ajianisuag

Q[ 2In31y



STIX'BNNED0OW 9¢

96/1/21
(spuodas) awp
09 0S ov 0og 0c ol 0
e
ol
0'L=l _
Sl
S'0=]
— K]
L'0=1 e et ST 02Z m
R s e T ; £
10°0=}—
G¢
0€
GE
\\.\\
orv

} e}jaq 031 AJIAljISuUSS

sonsuajoeley) Jo polR

L1 91n31y




STX'PNNEAN

09 0S

0'L=IPp

L'0=1P

L0°0=1IP

100°0=1P —

(spuoses) swn
017 0€ 0¢

} e)jag 03 AjAnisuas
JUBUSA JUIES

Q1 N3y

e —

0l

96/8/C1

0]

Sl

0¢

S¢

(s42) b

o€

SE

ov



8¢ Y
STIX'8NNEO0OW 96/1/C1

(spuooas) awy

09 0S o¥ o€ 0¢ oL 0

0]

Sl

(=
o
(sj2) b

S¢

0t

SE

0000090090909 00009
ov
¥66°0 JoquINN jueino)
} e}j2@ 03 AjAnisuag
sonsuaoeIey)) JO poyle

61 N3]



SIX PNNHEAN

6¢€

96/8/C1
(spuodss) sw
09 0s oy o€ 0¢ 0l 0
i 0
g
Lol
r Gl
66— =
toz o
L
_ G¢
i 0€
L se
1000000000000 000000 00¢
oy
¥66°0 JqWINN JUEIN0)

} e}jag 03 AjAnisuas

uonenb3 jueus/ juiesg
07 21n31y]




Dﬁ.. @ﬁ___m___ﬂﬁ
STX'6NNEO0OW ;
(spuodes) swp
0. 09 0S oy 0c - it !
0. ;
0c
(0]
- OF
o
€ OLEBUS3DS il S o) Cale e e 2
Z OLBUIS m,._\
| OBUSIS —
09
0L
08

06
s)nsoy solsudjoeIey) Jo poyiain

LZ @2anbi4
SN S EE BN EE mm EE E.

aE S EE B = =
S I ESESEEEEEEEET




STX'SNNHAW

Ly

96/8/C1
(spuodas) awp
0. 09 0sS (0] 7 (0]% 0¢ ol 0
— 8 | e O—.
- t oz
0e
£oLEBU3IS
m ov
ZOoLBeuans i
- 0 ©
15
Loueuadss
- 09
0L
08
06
S}INS3Y |9POIN JUBUIA Jules

7 2AN31y




STX'ENNEO0ON

A4 96/6/C1
(spuooas) awn)
081 091 ovl 0zZl 001 08 09 ov 0¢ 0
t 0
S
ol
Sl
- 0¢
2
tez o
L.
HI3M 3HL 43N0 MO'14
I O
GE
NOILONNS LNdNI ov

¢ oLeUdIS :d1ISLId)ORIEYD JO POYIBIN

¢z ainbi4




STIX'SNNEAN

vy 96/8/21
(spuodas) awj}
081 091 ovl (1141 00} 08 09 ov 0z 0
s LR e A S — - - - - _D
S
t 0l
L g1
r 02
L2
/ rse o
¥IIM IHL ¥3A0 MO L og
|
Ge
NOILONNH LNdNI L op

t Gy

0S

€ OLIBUDDS :|9PON JUBUSA Jules

$7 N3y




NAME

69DUMP XLW

VERFIC.XLS

MOCRUNS.XLS

MDRUN2.XLS

MOCRUNG6.XLS

MDRUN3.XLS

MOCRUN7.XLS

MOCRUNS.XLS

MDRUN4 XLS

MOCRUN9.XLS

MDRUNS XLS

APPENDIX A

69th Street Wastewater Treatment Plant Data
Data used to generate Figure 10 and 11

Method of Characteristic Model with output for Figure 12

Saint Venant Model with output for Figure 13

Method of Characteristic Model with output for Figure

Saint Venant Model with output for Figure 15

Method of Characteristic Model with output for Figure 16
Method of Characteristic Model & output for Figures 17 & 19
Saint Venant Model with output for Figure 18 and 20

Method of Characteristic Model with output for Figures 21 & 23

Saint Venant Model with output for Figure 22 and 24




NAME

REPORT.DOC

FIGURE.DOC

CONTENT.DOC

ACKNOW.DOC

COVER.DOC

REF.DOC

APPENDIX B

DESCRIPTION
“Dynamic Modeling of the Preliminary Treatment Works at the
69th Street Wastewater Facility - Houston, Texas”. 17pp
List of Figures, List of Tables, List of Appendix, Appendix A and B
Table of Contents
Acknowledgments
Cover and Signature Sheets

Referances




